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Stellingen 
1. Bij interactieve leerprocessen gaat her er niet alleen om hoe boeren bij 
wetenschappelijk landbouwkundig onderzoek worden betrokken, maar ook hoe 
wetenschappers effectief de door boeren (stakeholders) gei'nitieerde en geleide 
ontwikkelingsprocessen kunnen ondersteunen. (dit proefschrift) 
2. Nog meer dan tropische gronden is de onderzoekmethodologie (technieken, -methodes 
en -benaderingen) voor landbouwontwikkeling onderhevig aan erosie, maar beide 
kunnen gerehabiliteerd worden, (dit proefschrift) 
3. Experimenteel onderzoek en scenario ontwerpen kunnen bijdragen aan verbeterde 
besluitvorming, maar kunnen de besluitvorming niet vervangen. (dit proefschrift) 
4. De validatie van een productiescenario mag niet leiden tot een legitimatie achteraf, 
maar moet gebruikt worden als een techniek voor verhoogde beslissingskracht tijdens 
de besluitvorming. (Van Pelt, 1993) 
Op basis van een specifieke praktijksituatie (learning in practice) en de participatieve 
reflectie op en systematisering van de ervaring (learning from practice) is het mogelijk 
nieuwe theoretische concepten en méthodologie te ontwikkelen (learning for practice), 
(dit proefschrift) 
6J Indien van een boer wordt verwacht, dat zij/hij voedselproducent is, bedrijfseconoom, 
milieu-specialist, natuurbeheerder, technisch vakman en een vooruitstrevend 
ondernemer, dan is dat op zijn minst tegenstrijdig met het feit dat deze veelzijdige 
mensen in hun zoektocht naar bedrijfsontwikkeling bijgestaan zouden moeten worden 
door een multi-disciplinair team van monogame vakspecialisten. 
7. Tegen uitbuiting is verzet mogelijk, tegen solidariteit (het handelen met betrekking tot 
niet ter discussie staande rechtvaardigheid) valt niets te beginnen. 
8. Indien interactief onderzoek (het produceren van operationele kennis met, door en 
voor boeren) een norm is aan de Universiteit Wageningen, dan hoort daar een eigen 
beoordelingssysteem bij voor promovendi middels een veel bredere opzet van de 
publieke verdediging (van proefschrift en Stellingen) en beoordelingen van betrokken 
stakeholders uit het onderzoek en de case study area. 
9. Indien de evolutietheorie wordt getoetst op de oorsprong en ontwikkeling van het 
insect cochenille (genus Dactylopius sp.), dan zou je waarlijk in een 
scheppingsverhaal gaan geloven. 
10. In geemancipeerde gezinnen kan de promovendus niet meer dankzij maar moet hij/zij 
ondanks partner en eventuele kinderen het proefschrift schrijven. 
11. Indien we de voorwaarden voor duurzame ontwikkeling, die gesteld worden aan de 
financiering van kleinschalige landbouwprojecten in de Derde Wereld, in het verleden 
hadden toegepast op de ontwikkeling van de Nederlandse landbouw, dan zou deze er 
heel anders hebben uitgezien. 
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My grandparents and some uncles and aunts were small scale and mixed arable and 
livestock producers. They put the agrarian topics on the discussion table at family meetings. I 
remember so well the fierce discussions they held in the 1970ties about farm innovation, the 
national agrarian policy, 'modernisation' of agricultural production, and credit facilities of the 
bank. I discovered that farmers in the Usselvalley worried about their future as farmers. My 
Uncle used to ask: "Shall I be one of the winners and what can I do to continue being the 
farmer that I have always wanted to be?" Policy-makers were clear: more than 50% of the 
farmers must stop their production activities in order to improve competitiveness and income 
for those who remain. The main stream of agricultural development was extending the area of 
production per family, intensification of production, mechanisation and specialisation. My 
uncles intended to follow the mainstream but remained small scale and mixed arable and 
livestock producers in comparison with the National situation. 
These farmers also mentioned that there was no significant help for them, in their choice 
for developing other styles of farming than the main stream. They expressed their criticism to 
national policy makers, to researchers of the Wageningen Agricultural University and to 
governmental extension services. As they used to say "Those studied people do not listen to 
our farmers' visions, do not understand what our farmers' problems are and they come with 
solutions which we have never asked for". These criticisms pointed to me personally, when I 
started to study at the Wageningen Agricultural University. I thought in the beginning that 
knowledge of technical issues would be enough to convince farmers about the required 
changes on production systems. Later on I discovered that the constant communication with 
farmers and the participation of farmers in the development and implementation of 
innovations is as important as the technology itself. These kinds of communication problems 
between farmers and scientists kept on intriguing me during my study of Horticulture in 
Wageningen. I could not see agricultural production as the sum of plants and animals. It is the 
work of people. In the final stage of my M.sc. study, I chose for the action research 
methodology, for well-defined target groups. But it was not so easy to establish a real 
dialogue, to define a joint research agenda and to design options for farm innovation. 
In 1987, when I left The Netherlands for Cochabamba, Bolivia, it was one of my personal 
objectives and challenges to find out how to manage - facilitate farm innovation processes 
with farmers, by farmers and for farmers. I started working in a local NGO. This institute 
carried out small-scale and integrated development projects. The fieldwork in agricultural 
production consisted of on-farm experimentation, an extension service program as well as 
credit facilities. In this period, problems that faced subsistence farming were intensively 
discussed. Cactus pear and cochineal production were studied and tested together with 
farmers as well as implemented at small-scale production levels. I worked more than 7 years 
in the periphery of the countryside in Cochabamba, first as an extensionist, later as a program 
coordinator in NGOs and finally as project director of the cactus pear and cochineal research 
project (PITC). At the same time, I maintained direct and intensive contacts with farmers and 
farmers' unions. It appeared to be very complex to facilitate and support local development 
processes, especially defined and controlled by farmers themselves. In the beginning I 
experienced the lack of overview of specific methodology in order to organise and support 
such local farm innovation processes. However, based on a step by step implementation, the 
Cochabamba experience turned out to be interesting, in relation to farmers' contribution to 
research activities and their pivotal role in control over research and development. 
VI1 
The main question became why the experience was so successful. This issue laid at the 
basis of the formulation of the research question for this Ph.D. dissertation. The intellectual 
challenge for me was to show to a large and diversified public that, from a particular project, 
lessons can be drawn to improve interactive learning for farm innovation. This challenge has 
everything to do with the cooperation and communication issue between farmers and 
scientists that have intrigued me since my youth. 
In this book, the local research and development process of the small-farmers (campesino) 
union of Huancarani is discussed. Research activities were carried out by farmers themselves 
as well as by facilitators and scientists, but the farmers union kept control on planning, 
evaluation, decision-making and action. The book refers to a technical issue (the development 
of cactus pear and cochineal production) as well as a social issue (when the relation between 
farmers and scientists is addressed and applied methodology is analysed). The exercise covers 
a reconstructed logic of applied research, design and development methodology and is 
therefore abstract. The final result of this exercise was the production of the management 
toolkit for the design of interactive learning processes. This toolkit became a practical 
instrument for me while managing and facilitating farm innovation processes in other 
contexts. It is the development of this toolkit, the learning process, that I want to share with 
other scientists and development workers. 
v i i l 
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phases in time. The arrows indicate the chronological realisation of 
the problem analysis carried out by farmers. Each position on both 
axes adds new information and insight to the problem analysis 
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1.1 Working with family farmers 
1.2 The Land Rehabilitation Program 
1.3 Purpose of this study 
1.4 Structure of the thesis 
1.1 Working with family farmers 
This book describes five years of research and extension for the Land Rehabilitation Program 
( L R P ) in the farmer community of Huancarani, a remote village in the Ayopaya province of 
the Cochabamba Department in Bolivia. At that time the L R P consisted of a group of farmer 
organisations and local and national NGOs (Non-Governmental Organisations working on 
rural development), organised in a platform. It appeared to be possible to design a process 
focused on the question 'How can resource-poor farmers learn to innovate their own farms in 
a degraded environment'. The result is a good example of what Roling (1988, 1995, 1996) 
called "interactive agricultural science". 
Interactive agricultural science is about the cooperation between family farmers and scientists. 
Both differ in their way of looking at the production fields, farms and surroundings. They 
analyse, interpret and evaluate observations in a different way. So, the resulting knowledge of 
both will certainly differ as well. This difference may, however, also imply "opportunities" 
for fruitfully bringing observations, conclusions and ideas together. I was interested in the 
synergy. Therefore, I established platforms of regional and local decision-makers and opinion 
leaders. They had to learn to work together. They had to learn to produce hard results by soft 
methods. They had to learn to design the learning process involved. 
My role became a mixture of being: 
- an agricultural extensionist, 
- an external informant with access to outside information on crops, agronomy, environment 
and methodological topics, 
- a researcher on technical and economic subjects and their interface, 
- a trainer for local extensionists and farmers, and 
- the general coordinator of the Land Rehabilitation Program. 
I started my work in Bolivia as an extensionist of the L R P . I continued as a project coordinator 
involved in research on cactus pear and cochineal production which I did as part of the non-
governmental organisation Fundacion Para el Desarrollo ( F E P A D E ) from 1987 to 1990. 
2 Chapter 1 
I was director of the Cactus Pear and Cochineal Research Project ( P U C ) of the Bolivian 
Export Foundation (funded by the Dutch International Cooperation and the World Bank) in 
1991 and 1992. In this period, I stimulated and coordinated all cochineal promotion and 
production initiatives at the national level. I finally worked for T U K U Y P A J , a local N G O 
especially created for the support of farm innovation through cactus pear and cochineal 
production (from 1992 to 1994). All functions mentioned above facilitated my working for 
the Community of Huancarani without any impediment during 5 years. The L R P was not all 
smooth sailing in that community. Without access to modern libraries, knowledgeable people 
or appropriate hardware, the L R P had its limitations. The next paragraph considers these and 
compares them with the opportunities that are involved. 
Fieldwork for the LRP: Limitations and opportunities 
The methodology of the L R P was restricted from a scientific point of view. From the 
beginning it was clear, as is usual in Bolivian NGOs, that the L R P could not offer long-term 
research programs because of lack of human capacity, and limited funds. Scientists could not 
count on advanced research centres. They were dependent on farmers' involvement and 
contributions. Most agricultural experiments were, therefore, carried out on farms, and 
designs were made with generally available and low cost software. Only certain laboratory 
work, such as the chemical analysis of cochineal (a beneficial insect dye for selling), was 
contracted to the Cochabamba San Simon State University. It was a real challenge to do 
research under these conditions. It must be said though that the team, including the farmers 
involved, was highly motivated. There was an obvious sense of urgency and a clear notion 
that the L R P was a good opportunity to work together. 
All limitations mentioned above could also be seen as challenges. I considered the L R P as a 
project-laboratory to carry out experiments on designing learning processes. Such 
experiments might provide information for testing hypotheses about methodologies on 
agronomic designing, on learning pathways of extension and communication science. In 
addition, the L R P , and especially this case study, was favoured with a number of perfect 
starting conditions. These were: 
- successful methodologies for technical-agronomic designing were available, 
- farmers were interested in technical as well as methodological aspects of the L R P , 
- farmers and researchers had frequent contact, 
- farmers wanted to participate in on-farm research activities, 
- results of research could immediately be implemented in the local situation, 
- researchers had no problems in getting their projects integrated into farmers' every day 
work and 
- planning and elaboration of a working agenda was not difficult. 
Under these specific working conditions, farmers and scientists were seen as co-researchers. 
The usual role of the extension worker (transfer of technology to farmers, supervision of 
verification experiments on individual farms, and provision of external agricultural inputs) 
was changed into that of facilitator of farm innovation processes. He (she) thus tried to avoid 
the traditional trainer-pupil relationship. So, researchers from outside the community, 
including myself, could not act independently. One may ask now: What is this all about? In 
the following paragraphs the scope of this book will be discussed. 
Scope of this thesis 
This thesis is about farm innovation by interactive learning. It is also about the analysis of 
problems, the synthesis of knowledge into solutions, and learning together. 
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This thesis also deliberately reports on efforts to develop fajming systems, taking into account 
the farmers' traditions, religion, culture and survival strategies. Additional methodologies 
were inserted step by step in order to guarantee active farmer participation. An example taken 
from the problem analysis phase clarifies the unstructured looking activity agenda of the 
overall methodology of the L R P . 
The steps in problem analysis did not follow the classical patterns I had become used to when 
presenting scientific reports. Neither time lines in rural development, nor classification of 
aggregation level thinking were followed. The problem analyses followed the think and work 
patterns used by Andean family farmers. This line looks unstructured, even chaotic, but it is 
not. For me, it was the first discovery of resource-poor family farmers in Bolivia having their 
own way of dealing with their fields and surroundings. They showed having great difficulties 
in handling strategies which are logical to scientists, extensionists or even policy makers. 
Figure 1.1 shows the farmers' logic presented in a two-dimensional co-ordinate system of 
scientific thinking by researchers or extensionists. The logical steps of research-oriented 
people, which prefer to analyse a problem from high aggregation levels to smaller parts, are 
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FIGURE 1.1 Presentation of the logic followed by farmers concerning the problem analysis 
phase towards design. The abscis represents the various levels of aggregation. 
The ordinate represents discrete phases in time. The arrows indicate the 
chronological realisation of the problem analysis carried out by farmers. Each 
position on both axes adds new information and insight to the problem 
analysis. 
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The sequence of activities for problem analysis was selected by the farmers, according to their 
opinions and enthusiasm, rather than by a predefined logical organisation of activities in time 
or according to levels of aggregation. More activities were added ad hoc, because new 
questions kept arising and farmers wanted to solve their problem of lack of information. 
Because the activity agenda of the problem analysis phase already had become complex, it 
was not difficult to expect that the complexity of the methodology for the whole LRP would be 
even more complex. This was observed by the farmers as well. So they started to think about 
how to achieve a manageable plan of operations for the LRP. Instead of a fixed organisation of 
farm innovation methodology supplied by me, they proposed to cluster and integrate the 
results of all activities afterwards. This flexible organisation of activities allowed them to 
discover step by step the construction of a problem solving methodology. 
It is not realistic to state that all knowledge about the problem, necessary for the design of 
alternative production systems, was obtained in the beginning of the project only. On the 
contrary, knowledge obtained after realisation of other phases, such as experimental research 
and design, also appeared to be important. For example, neither the Participatory Rural 
Appraisal, carried out at the start of the LRP, nor the formal questionnaire, which was applied 
at the end of the LRP (in 1993-1994), determined their and my understanding of the problems 
of Quechua farmers. The whole project constantly delivered relevant information during the 
entire time span of activities. 
One could say that in this way farmers discovered how to learn learning. They experienced 
that in-depth analysis of specific subjects, enriched by literature reviews, starter activities and 
unexpected events could be managed by themselves. I considered this step by step 
(unstructured) research journey of the LRP as a learning process by itself. I myself too, 
discovered that structured research approaches not always guarantee "optimal" results. I found 
that what farmers experienced from tools or methods are fundamental for getting them 
involved enthusiastically. On the other hand I had to admit that it was far from easy to 
abandon my trust in "learned methodologies". Questions such as 'When shall I intervene in 
the process' or 'Is the knowledge that farmers have acquired really true and valid' crossed my 
mind many times. 
1.2 The Land Rehabilitation Program 
In order to support the development of resource-poor Quechua farmers, local NGOS 
participated in a platform: the Land Rehabilitation Program (LRP). The LRP was the umbrella 
organisation for various development projects, which were implemented at different times 
(between 1989 and 1994), by several development organisations and at many locations 
(especially in the Departments of Cochabamba and Chuquisaca). Two local NGOS from 
Cochabamba (FEPADE and TUKUYPAJ) became involved in projects at national level. The 
Bolivian Export Foundation implemented the Cactus Pear and Cochineal Research Project 
(PITC) funded by the World Bank and the Dutch Government. The project coordinated all 
cactus pear and cochineal research and development activities. 
In view of the difficult agricultural production conditions and the specific socio-economic 
problems in the Andes Mountain region, the challenge for agricultural development is to 
break the cycle of environmental degradation and to make agricultural production 
ecologically sustainable without affecting family incomes. 
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The Land Rehabilitation Program formulated two main objectives: 
- to design ecologically sound and profitable farms, and 
- to improve the countervailing power of Quechua farmers in order to increase their self-
respect and self-help in creating better chances for their development. 
The L R P strived in the first place for revaluating the cactus pear (Opuntia ficus-indica M.) as 
an arable crop and the introduction of cochineal (Dactylopius coccus Costa), a profitable scale 
insect that produces the important red dye carminic acid for the cosmetic and food industry. 
The second objective refers to farm development started from the Quechua farmers' 
perspective. The task of the L R P was to prepare a stimulating atmosphere among the farmer 
population for the development of agroecologically sound and profitable types of farms. This 
kind of farming is considered to be important for reducing erosion, degradation of soils and 
further drop in biodiversity. The L R P focused on a participatory approach, which means: 
- Farmers had to become interdependent in managing their farms in such a way that further 
aggravation of erosion would stop; 
- Farmers and researchers had to cooperate in such a way that they learn from scientific 
results as well as from farmers' insights; 
- Farmers had to become involved in the evaluation of their own result and 
- Farmers had to become skilled and sufficiently encouraged in the management of their 
own rural development process. 
The L R P underlined that farm innovation must be carried out by the farmers themselves. It 
accepted that farmers' expertise, the so-called indigenous knowledge, would be important for 
the success of the L R P . Indigenous knowledge contains strategies for survival of Quechua 
farmers in the past. There is increasing evidence that subsistence farmers of the Andes are 
very efficient in utilising scarce, renewable resources (Kessler 1994). This indigenous 
knowledge, which was the result of a collective learning process, had to be re-discovered and 
consciously applied. In other words, the whole project had to be based on the mantra: learning 
in practice, learning from practice and learning for practice. 
1.3 Purpose of this study 
Literature about theories and practical experience on design of interactive learning processes 
for farm innovation is not available. There are design experiences and interactive approaches 
that have been described, but they focus mostly on hard-exact results: either a technique, a 
farming system or a recipe for crop protection (see the literature review in Chapter 4). Design 
methodologies for learning processes were not found. 
With this book I want to fill this gap. During my work for the L R P , I carefully observed all 
that happened, and made my notes in separate journals. I tried to understand why things 
happened as they did. I compared the information thus obtained with what I could retrieve 
from literature. But also, validation and evaluation-oriented discussions with stakeholders 
within the project area and others outside were important means of discovering the relevant 
methodological patterns and processes involved. I decided to publish my results, as I found a 
strong relationship between the success of the L R P and the identified interactive learning 
process among Quechua farmers, development workers and scientists. Interactive learning 
appeared to be at the basis of the success of the L R P . 
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I would like to characterise this way of learning in terms of three fundamental dimensions: 
- Learning in practice (achieving a goal); 
- Learning from practice (learning from applied methodology in order to improve practice); 
- Learning for practice (making results of learning processes available to other projects). 
Interactive learning is the result of these three dimensions. Learning about learning processes 
is thus to improve learning for future farm innovation processes: learning for new practice. In 
order to learn for new practice, two previous learning stages must be considered: "learning in 
practice" and "learning from practice". This insight is new. It makes the design of interactive 
learning pathways among fanners achievable. 
The purpose of this study is to understand, manage and design interactive learning processes 
between farmers and support teams during farm innovation. In other words, take leadership in 
interactive approaches for farm innovation by which fanners take local agricultural 
development in their own hands. The question is to identify how social actors can be involved 
and interact successfully in complex agricultural development processes. This management 
question is related to other specific questions: 
- What are suitable concepts and dimensions for the interactive farm innovation strategy? 
- Which activities, methods and procedures are relevant for interactive learning processes? 
- How is designing of learning processes for farm innovation related to experimental 
research and technical-agricultural design? 
- How can relevant methodology be merged (structured) into a toolkit for the design of 
interactive learning processes? 
1.4 Structure of the thesis 
After the introductory chapter that leads the reader into the realms of this book, Chapter 2 
presents the outline of the L R P . It identifies, among others, the cohesion between causes and 
problems of Huancarani, the selected case study areas and the project site in Bolivia. Chapter 
3 makes the reader confident with the physical, abiotic and ecological characteristics of the 
project site. Chapter 4 focuses on the working process in the project. Chapter 5 identifies 
farmers' problems: the problem statement, as well as an outline of the basic questions behind 
the problems that farmers used to put forward. Chapter 6 continues with bringing the basic 
questions of the Quechua farmers into a set of assignments for me as "problem solver". In 
other words, goal setting was based on a perspective of the future. The design objectives are 
defined at three levels of learning: in practice, from practice and for practice. Chapters 7 and 8 
show the results of research on cactus pear and cochineal as well as the design of the 
integrated cactus pear production system. It shows how hard-exact solutions were projected 
(learning in practice). Chapter 9 presents the results of soft design, referring to farmer and 
institutional organisation, knowledge integration and decision-making procedures (learning 
from practice). Chapter 10 shows the result of learning for practice by building up a 
management tool that works like a process agenda for managers to design learning processes. 
Finally, Chapter 11 brings the reader back to the initial goals and questions, referring to the 
applicability of the management tool. It reflects on the results at three levels of learning and 
abstracts a theory from it on how interactive learning can be designed for the benefit of future 
projects on rural development. Chapter 12 is conclusion-oriented at the level of learning for 
practice and gives recommendations for the roles of farmers and facilitators as well as for the 
use of the management tool for interactive farm innovation. 
Chapter 2 
The Land Rehabilitation Program 
2.1 Land hunger and migration 
2.2 Recovery of soil fertility as a key to rural development of the Andes 
2.3 Organisation of farm innovation 
2.4 Selection of the case study area 
2.5 Conclusion 
The Andean Mountains, especially in Bolivia, erode at a terrifying high speed. Complete 
slopes and upland plains disappear year after year. Fertile topsoil flushes away and mountain 
streams and rivers become clogged. People already have lived in these regions for many 
generations are now forced to abandon their land. Migration to cities and further aggravation 
in the rural areas evoke new and other problems. The LRP had to find methods for getting 
things changed. Obvious methods, such as high-input agriculture production systems, 
specialisation of production, mechanisation, introduction of new commodities, were out of the 
question. Moreover, Andean farmers seemed to have lost their trust in the so-called modern 
"Green Revolution" techniques. New diseases, high production costs, decreasing profit and 
loss of soil fertility made them feel trapped by people or organisations who need Andean 
farmers for their own profit. 
The LRP focused on processes that might help to restore the self-confidence of Andean 
farmers. This chapter describes this program in detail. First, the cohesion between the causes 
of land hunger and migration in the upper parts of the high Andes mountain chain will be 
discussed. 
2.1 Land hunger and migration 
According to the Quechua farmers, during their lifetime (i.e. in each generation) a major 
change took place which had great impact on fanning. They spoke, for example, about their 
grandfathers, who turned from agricultural (specialist) labourers of a colonial landlord 
"hacienda" system into small-scale (generalist) landowners (1953), and about their parents 
who started to produce cash crops such as tomatoes and hot peppers (1965). The next 
generation migrated in large numbers (temporarily) to the tropical rainforest and started coca 
leaf production (1975). The youngest part of this generation left their native villages 
permanently (1985). These mayor changes may be interpreted as survival strategies and 
structural innovations in agricultural production. The question becomes opportune what the 
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innovation options are for the next generation. How to find a new strategy when, apparently, 
all options have already been tried out? Could, perhaps, sustainable agriculture be the new 
strategy? Before going into this kind of option, we shall consider some demographic data that 
illustrate the farmers' story described above. 
Demographic data 
At national level, the annual population growth rate in the period between 1976 and 1992 was 
2 percent. In the same period, the rural population of Cochabamba increased by only 1 
percent. In the Ayopaya province the population density decreased from 6.2 habitants per 
square kilometre in 1976 to the level of the fifties i.e. 4.2 ( I N E 1993). This means that the 
large number of emigrants leaving the province of Ayopaya has resulted in a negative 
population growth. 
In 1953, the year of the Agrarian Reform, 162 families were living in Huancarani in Bolivia 
and created a local farmers union there. From then onwards, the structural immigration that 
had marked the previous period in which landowners used to contract workers from distant 
provinces, stopped. In 1994, 182 families lived in this community, with a total of 757 inhabi-
tants. The average family size was 4.2 persons. 
Causes and consequences of migration 
In the last 20 years, 187 families emigrated (permanently) from Huancarani to the cities and 
other rural areas. Initially, this permanent emigration had nothing to do with wealth. Both rich 
and poor families left their community. The high emigration rate may be explained by: 
- Economical problems arising from declining productivity and land quality; 
- Erosion and decreasing profitability of commodities; 
- Educational opportunities for young people; 
- People without agricultural land. 
With the conventional agricultural productivity and actual state of the natural resources, it is 
expected that the human population will in rural areas such as Huancarani decrease further. 
Figure 2.1 shows the prevailing explanation of the impact on land use by migration. Before 
the land reform, landowners practising a hacienda production system cultivated cash crops 
without fertilisation and soil conservation measures (see Section 3.2). From then on, labourers 
who had little or no capital and lived isolated, were forced to raise an income on their own 
land. These people had three options: cash crop production on degraded land, deforestation of 
vulnerable ecosystems, or emigration. 
When people emigrated from their native village, they brought with them their traditional 
agricultural practices. In that way, farmers introduced extensive production systems, 
characterised by lack of fertility and soil conservation strategies. So, the decline in soil quality 
was "exported" from the highlands and spread over Bolivia (Painter 1993). In the climatic 
conditions of the tropical rain forest areas, these agricultural practices were even more 
catastrophic. 
However, there were more effects. Since people could hardly cut the strong (family) ties they 
had with their native community, because of emotional affection, community membership and 
the need for additional and diversified family income, continued with agricultural production 
in the highlands. 
Some members of the community received agricultural land on a sharecropping basis. In this 
production system, income from agriculture is split up between two farmers and cannot 
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recover the costs of investments in soil care. Emigrants also keep livestock on the communal 
land of the native community. These areas suffer from overstocking that does not allow 
regeneration of vegetation and soil quality on fallow land, exhausted agricultural land and 
vulnerable non-productive areas. In this way, the downward spiral of soil degradation 
continues, causing the problem of land degradation and land hunger to escalate. The result is, 





































FIGURE 2.1 Explanation of the cycle of unsustainable land use. 
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2.2 Recovery of soil fertility as a key to rural development of the 
Andes 
Land hunger in Huancarani was partially compensated by "permanent emigration" of the 
Andean people (Painter 1993). This means that migration may stop as soon as farmers find 
sufficient opportunities for subsistence. 
Recovery of soil fertility may be the key to stopping emigration. Parallel to this, the problem 
of ongoing erosion may be tackled via research and extension that can contribute to strategies 
that keep resource-poor farmers at their presently exhausted soils. 
The L R P agreed that such farmers will stay if they can make an income from these soils. 
Taking this as a hypothesis, we could say that a possible approach may be to help resource-
poor farmers to learn how they can restore soil fertility themselves. 
The L R P wanted to teach farmers to think about their future. It also wanted the farmers to act 
and not accept that they have to react passively to threats, either slow and on-going or sudden 
and new. 
The L R P accepted that only learning processes, rather than packages of hard solutions, can 
help the farmers to become confident about their own possibilities for permanent farm 
innovation with special attention to soil management, the first objective of the L R P . In other 
words, a fanner had to be taught how to learn by improving his (her) skills in observation, 
registration of data and interpretation of phenomena, both in and outside the farm. In a group 
of farmers or with different stakeholders, learning also implies improving communication, 
interaction and joint learning. The farmer has to find the relationship between the quality of 
his/her own decision-making (the second objective of the L R P ) and the quality of the soil. 
In relation to the rehabilitation of exhausted agricultural land in the beginning of the L R P , we 
identified four fundamental aspects to be addressed in four different actions: 
- Stop overstocking and protect the land from erosion; 
- Re-establish a soil cover by natural vegetation or special crops; 
- Recover soil quality and fertility; 
- Establish a nutrient cycle. 
The first two actions are the most difficult. However, they also contain the key to reaching the 
goals of the L R P . This action will be a mix of indigenous knowledge and soft and hard 
solutions. The third action is typically hard solution orientated. For instance, in this action we 
search for irrigation strategies, tillage and composting. The fourth action focuses on 
maintenance strategies and has a good deal to do with learning how to actualise farm 
strategies, cooperation and marketing. 
2.3 Organisation of farm innovation 
More than 25 communities of the Cochabamba valleys participated in the Land Rehabilitation 
Program (LRP ) . Each community started an independent development process because of the 
specific problem issues on each site and the fanners' involvement in the definition of the 
research and design agenda. These local development processes were facilitated and 
supported by several development organisations (mostly local N G O S ) . 
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The LRP started with the initiative of one local NGO (FEPADE) . This NGO studied alternatives 
for fodder production on marginal land. This research question was the outcome of a 
participatory rural appraisal in the province of Capinota, Cochabamba. Farmers mentioned the 
cactus pear as a potential fodder crop. The N G O , in coordination with the farmers group, 
discovered later that cactus pear is an interesting multipurpose crop. Then other NGOS showed 
interest so that more than ten organisations started working on cactus pear and cochineal 
production at national level. These organisations kept frequent contacts and organised several 
meetings, seminars and congresses on the subject. They acted as a platform for knowledge 
exchange, promotion and coordination. 
When representatives of farmers communities showed up asking for information and 
development support, one of the NGOs took care of the potential production zone. The "take-
in" procedure was guided by a bottom-up approach. Farmers groups were interested and they 
looked for and selected support among NGOs and other development organisations (churches 
and syndicates) in the area. This can be seen as a non-centralised and autonomous community 
approach. Also, these local initiatives had some features in common. Because they had 
already heard about the multi-purpose plant, they pointed directly to cactus pear planting. 
Once involved, farmers communities defined similar development objectives concerning land 
rehabilitation, farm innovation and design of integrated cactus pear and cochineal production 
systems. However, each farmers group interested in the subject, was asked to start 
(independent of other experiences) with problem analysis and visualisation of future farming. 
This strategy was applied to prevent copying other development processes. Great emphasis 
was put on team building and generating knowledge by the new farmers group, more than on 
the promotion of a solution by way of technology packages. 
Farmers organisations and development institutions that lacked information and experience, 
found each other in coordination platforms for project formulation, training, exchange of 
experiences and research, but also in planning and evaluation of project implementation and 
production. So, the introduction of cactus pear and cochineal brought people together, farmers 
as well as development workers. From these platforms of knowledge exchange, two national 
organisations were created: one specialised in research and training, the other in farmers 
organisation, coordination of production and joint sale of cochineal. This approach was in 
great contrast to the usual way of implementing national rural development projects. 
Generally, large headquarters for such projects were located in the capital. Centralised 
planning and promotion were worked out by a fine structure of local offices and extensionists. 
In order to support several local development initiatives, interested NGOs formulated the 
national research project on cactus pear and cochineal (PITC; Proyecto de Investigation de 
Tuna y Cochinilla). The Dutch International Cooperation and the World Bank funded the 
project for two years (1991 and 1992). This project carried out and coordinated research, 
production planning and systematised experiences with introduction of cochineal as well as 
production rhythms of cactus pear cladodes and fruit. Several workshops and national 
congresses were held. The research team of PITC prepared a national production project, to be 
financed by the Bolivian Export Foundation. 
On the basis of joint local initiatives, the National Organisation of Cactus Pear and Cochineal 
Producers was created. The farmers chose a product-specific organisation in which elements 
of the traditional syndicate structure could be found (election of representatives from local, 
regional into the national board), as well as elements of NGO organisations, such as project 
planning and evaluation. 
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The methodology, activities and outcomes of the L R P varied between communities. The local 
farmers interest groups, organised in platforms, remained independent in their choice of 
production objectives as well as in adapting cactus pear production technology to their own 
development goals and specific local environmental conditions. 
2.4 Selection of the case study area 
The Land Rehabilitation Program ( L R P ) focused on technical research, cost-benefit analysis 
and design of sustainable production systems on exhausted agricultural land. The program 
tried to learn from this experience in farm innovation. Most communities paid much attention 
to the technical results and did not systematise the methodology itself so that, at the end, 
essential data for the analysis of farm innovation methodology were lacking. Therefore, a case 
study area was looked for where gathered data on implemented methodology could be found. 
On the basis of this criterion, the Huancarani community in the Ayopaya province was 
selected. Here, environmental, socioeconomic, productivity and (methodological) process 
data were available. The community represented the typical mountain characteristics of all 
communities of the Land Rehabilitation Program, such as environmental heterogeneity, 
inaccessibility, fragility of ecosystems, marginality as well as comparative advantages for 
cactus pear production. 
Huancarani was, therefore, representative for other communities with respect to development 
conditions. It did not have the strongest farmers organisation nor did it have the best cactus 
pear growing conditions, but referring to the interactive strategy, the community of 
Huancarani presented some important features: 
- The local farmers union of Huancarani was well organised, concerned with farm develop-
ment and had, in the recent past, implemented several development projects with positive 
results. Not all communities that participated in the L R P had such positive experiences; 
- Huancarani counted on trained farmers with experience in participatory development 
processes. The community took an independent position with respect to offers and 
implementation by development organisations; 
- Farmers were highly motivated to control the development process on their own, but were 
conscious of their lack of experience and adapted methodological tools for analysis, 
planning and decision-making, and asked for specific external support to improve this 
weakness; 
- The farmers could express their opinions freely during meetings of the farmers union as 
well as during interviews and other participatory processes. 
The farm innovation methodology as carried out in Huancarani required a minimum 
educational level and some notion of sustainable development of the fanners leaders. It was 
also important that farmers really wanted active involvement in planning, design, research and 
implementation. These elements appeared to be the criteria for success in the interactive 
approach. Therefore, the case study area, such as the community of Huancarani, could not be 
called representative for all communities involved in the LRP nor for all peasant communities 
in the Andes. For the farmers, a certain level of preparation with respect to issues such as 
development, communication and farmers organisation was required. 
The farm innovation support team in Huancarani was built around the development facilitator 
Eloy Vargas, a farmer of Huancarani and former head of the local and provincial farmers 
unions. He had received his training from the Catholic Church and had worked in rural 
development projects in the 1980s, as a forester and agricultural extensionist for development 
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projects of local NGOs. He was still a farmer, worked on his land in the community and owned 
cattle (leased on a sharecropping basis). He was greatly respected in the community. Eloy 
trained five Huancarani farmers for the L R P as local extensionist for cactus pear plantation, 
cochineal production and cattle husbandry. He coordinated the on-farm and communal 
research and supported the implementation activities of the program alongside with being the 
head of the farmers union. For his activities he was accountable to the communal farmers 
union. He periodically informed the provincial board about the farmers union. 
2.5 Conclusions 
Quechua farmers emigrate from the Andes because their possibilities for surviving in their 
rural community had become greatly reduced. They do not like to emigrate, as they are 
closely related to their family, religion, culture and the history of life in the mountains. 
Moreover, they are highland farmers by tradition. 
The L R P started to work with farmers who had stayed in their community and who suffered 
from the negative impact of soil degradation such as lack of income. These people were 
looking for alternative and sustainable production systems that would provide them with a 
chance to survive as Quechua farmers. The program relied on their motivation and their basic 
knowledge about their surroundings. The L R P had to focus on soil care, reintroduce a 
forgotten "Inca crop" and teach them to learn from their own experiences and those of others. 

Chapter 3 
Getting in touch with the project site 
3.1 Description of the main abiotic and biotic characteristics of the project site 
3.2 History of the land use systems 
3.3 Production and family-farming economy 
3.4 Cultural aspects 
3.5 Conclusion 
To teach farmers how to manage their own local natural resources required the L R P project 
leader and his colleagues to have good knowledge of the situation on the project site. Such 
knowledge includes the wide range of biotic and abiotic characteristics of the area, production 
(sub)systems, social organisation and economic features of family farming. Without any basic 
knowledge of these aspects of farming, the support team of the L R P would not be considered 
as being strong discussion partners for the farmers. Such knowledge is essential for the design 
of production systems, as well as learning processes. To acquire this knowledge requires 
analysis of the actual situation of farming, approaching it from different angles, including the 
Andes farmers' views. It also concerns the art of listening, observation, registration of data, 
interpretation of phenomena in and around farms, as well as discussions and negotiations with 
the stakeholders involved. I experienced that if the development-aid worker does not see or 
know the obvious phenomena and processes in every day farming, he or she will not be taken 
seriously by the people he/she works for. 
At this stage, the following three questions are essential: 
- What are the physical potentials for rural development on the project site? 
- What are the historical events and traditions that explain (1) the way the land is used now 
and (2) the natural resource quality? 
- What are economic, social and cultural opportunities and/or limitations for farm 
innovation? 
3.1 Description of the main abiotic and biotic characteristics of 
the project site 
The community of Huancarani is situated in the Interandean valleys of the Ayopaya province 
in the Northwest of the Cochabamba Department, 17°05' S, 66°, 55' W (see Figure 3.1). In 
Bolivia, a rural community is an area of both private agricultural land and public natural 
resources. The state grants communal farmers organisations the right to use public pasture 
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land and forests. The local farmers union governs the community. Huancarani covers 4700 ha. 
Farmhouses are scattered or clustered in the fields. Villages as such, hardly exist in the region. 
FIGURE 3.1 Localisation of the Huancarani community in the Ayopaya province, Cochabamba 
department, Bolivia. 
The province of Ayopaya is characterised by high mountain chains of the Andes and deep 
valleys with wide riverbeds. Coming from the high to the lower zones, the landscape changes 
from bare land to subtropical evergreen hills (yungas) and tropical lowland. The community 
of Huancarani is situated on a slope of 2000 to 4300 meters above sea level. The river 
Ayopaya borders the community at the lowest altitude (see Figure 3.2). 
FIGURE 3.2 Map of the communities around Huancarani. 
Getting in touch with the project side 17 
Agricultural zones 
Aquino (1986) divides Huancarani, as well as most of the other communities of the region, 
into agroecological zones. An agroecological zone (agroecozone) is an area characterised by a 
combination of climate, soils, flora and fauna, favouring special agricultural production and 
livestock activities. One farmer community and even one farm may comprise more than one 
agroecological zone. This phenomenon of mountain areas is different from tropical plain 
areas, where farming systems are small parts of only one agroecosystem. Along the slopes of 
Huancarani three agroecozones can be distinguished (see Figure 3.3). The highest zone, 
named Puna, is situated between 3000 to 4300 meter above sea level (1800 ha, 38 percent of 
the total land in Huancarani). The middle zone, the "grain" agroecozone, is located between 
2600 and 3000 meter (900 ha, 19 percent). Altitudes in the "subtropical" agroecozone, close 
to the Ayopaya river, range from 2000 to 2600 m above sea level (2000 ha, 43 percent). 
FIGURE 3.3 Agroecological zones of the Huancarani community. 
It is difficult to find even one piece of land that is completely flat. The slope crosses the area 
from Southwest to Northeast. The average slope is between 20-25 percent. 
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Dry and rainy seasons 
There are two main seasons: the rainy summer season, from December to April, and the dry 
period, from April to November. Precipitation in the grain agroecozone ranges from 670 to 
888 mm per year (Aquino 1986). In the mist forest belt just above the grain agroecozone 
precipitation is more than 1000 mm per year. Rainfall in the subtropical agroecozone is about 
half of what can be expected in the grain zone. The agricultural season (without irrigation) 
starts in October when the first rains fall at the high altitudes and in November for the grain 
agroecozone. 
Temperature 
The average monthly temperature in the Puna agroecozone is below 10 °C. The temperature is 
about 15 °C in the grain agroecozone and more than 20 °C in the subtropical agroecozone. 
The amplitude between day and night temperatures in the Puna agroecozone (above 3000 m) 
is 30 °C (20 °C during daytime and -10 °C at night). This difference becomes smaller at the 
lower altitudes. In June and July frost may frequently be observed in the grain agroecozone 
(2600-3000 m). 
Soil 
The deep valleys, characteristic of the Ayopaya province are the result of natural erosion. The 
sediments in the oriental Andes are regular and contain quarts and sand (Villavicencia 1991). 
Andean soils are the product of climate, topography and bedrock characteristics. Most local 
soils used to be of an A horizont which is rich in organic material and nutrients. Original soil 
material (C horizont) may be found directly under fertile soils. Soil depth varies in relation to 
the slope. Soils of less than 25 cm deep can be found on steep hillsides. The best soils of the 
grain agroecozone reach a depth of 120 cm. 
Man-made erosion and landslides are severe problems in the community. Fragile riversides 
are affected by erosion. More than 50% of the families have suffered loss of agricultural land 
caused by erosion and landslides in the last twenty years. Large runoff from high altitudes is 
the effect of the decreased water retention capacity of degraded agricultural and pasture land. 
In the centre and subtropical agroecozones between 70 and 90 hectares of good agricultural 
land have been lost by landslides. As these soils have no bedrock as a basis, landslides 
continue and gullies become deeper and wider each year. 
3.2 History of land use systems 
Land tenure systems, land use strategies as well as land degradation characterise the history of 
Huancarani. In this section these issues will be discussed as they have helped to identify 
relevant opportunities for farm development and restrictions. The following issues will be 
discussed: 
- Which land tenure systems existed in the past? 
- Which land use practices applied in the past can help to understand present land use? 
- When and how did land degradation start? 
The agricultural history of the Andes comprises four distinct phases as far as production is 
concerned. The Inca agricultural production system was practised until 1500. The Spanish 
introduced their European agronomic and livestock systems between 1550 - 1825 i.e. the 
colonisation period. During this time the Inca production systems were completely destroyed. 
The hacienda agricultural production system was introduced by 1825 as part of the 
independence of the Republic of Bolivia. The hacienda system ended with the Agrarian 
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Reform around 1953. Haciendas, originally the property of one landowner, were divided into 
many small-scale units and granted to landless people. In this period, the freehold campesino 
(family farmer) production system became dominant (See Table 3.1). 
The Inca agricultural production system 
The Incas practised an intensive but remarkably sustainable agricultural production system. 
Large areas of terraces constructed on hillsides and a complicated irrigation system 
demonstrate the Incas' capacity to produce food in a hostile environment. They concentrated 
production on small areas of very fertile agricultural land with favourable climatic conditions, 
such as valleys and land close to Lake Titikaka (at 3900 meter above sea level). Soil 
conservation had always been the basic element of the Inca agricultural production. They 
minimised risks, uncertainties and exhaustion by effective soil-fertility conservation strategies 
and cropping systems. They knew how to keep their knowledge actualised and passed it on 
from generation to generation. Land of poor quality or fragile ecosystems were carefully 
preserved as large buffer zones. The powerful organisation of the Inca society provided rules 
for keeping intensively used production fields and natural resources in condition (see also: 
The Soft Side of the Land, Roling 1997). 
Terracing and irrigation guaranteed a high and stable agricultural production. Specific Andes 
crops were (and still are) cultivated: tubers, such as potato species (Solanum sp.), oca (Oxalis 
tuberosa) and "grains", such as tarwi (Lupinus mutabilis) and quinoa (Chenopodium quinod) 
(National Research Council 1989). The latter were very much in demand because of their high 
protein content. Incas developed food conservation and storage practices, such as frost-dried 
potatoes (chuno) and salted and sun-dried meat (charque). 
Outside the agricultural production sites and buffer zones, the Incas kept the large natural 
ecological zones untouched. Along the borders of the Inca domain trade with neighbouring 
people took place. Due to the different climatic zones in the mountains (the vertical land use 
system), as well as food exchange, Incas could diversify their food and non-food production 
to a large extent (Condarco and Murra 1987). 
The Spanish farming system 
Directly and indirectly, Spaniards affected the intensive and sustainable production system of 
the Incas. In the sixteenth century they introduced a system of taxes to be paid on the 
production of fertile land. As this land belonged to the local people, these traditional owners 
gradually became subordinates of the Spanish government. Tax paying and introduction of a 
monetary economy forced local farmers to change their production goals. They did not have 
to think in terms of maintaining good production conditions anymore, but in terms of the 
money they could earn from their work within a certain period. They had, therefore, to neglect 
their traditional agricultural practices, always long-term orientated, and replace them with 
short-term profit-orientated production goals. 
New animals and plant species, mostly less compatible with the Incas' intensive production 
systems on terraces (Earls et al. 1990), were introduced. "European" livestock (cattle, sheep 
and goats) and their habit to graze down complete plants, damaged the vulnerable vegetation 
as well as the delicately developed soil structure of the productive land. The soil conservation 
techniques could not be maintained because of the drastic reduction of the human population 
caused by the introduction of new, European, diseases as well as by forced labour in the silver 
and gold mines. 
The Spanish Crown sold large quantities of low-quality land to the Spanish colonists. These 
started extensive agricultural production with contracted people. The successors of the first 
colonists already reported soil degradation problems, also in Huancarani (see Acta Notarial 
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1740-1750). As communal land (mostly land of low quality) formerly owned by local 
communities, changed into private, large-scale haciendas, the vertical land use system of the 
Incas became fragmented (access to more than one agroecozone was blocked). Communities 
quickly lost their ecological resources (read buffer zones) and the basis of their subsistence 
farming (Condarco and Murra 1987). Fragile societal human relationships were the result. 
The hacienda production system 
During the Bolivian independence war (until 1825), a new national land-owning elite arose 
(Santos Vargas 1982). The first governments of the Republic of Bolivia supported these 
landowners by the abolition of communal land tenure by Indian communities. Small farmers 
then had to buy their own, low-quality communal land and had to pay high taxes for it. They 
could not afford this and started to sell pieces of high-quality land. So, Indian communities 
also lost their ownership of fertile land. The new regulations created a hacienda type with 
monopoly on land. Indians were forced to work for the landowner because they lacked other 
opportunities for labour. As compensation for their work on the hacienda, they received 
production rights on small pieces of land. These rights helped them to produce food for their 
family and livestock and, at the same time, made it possible to maintain the traditional Inca 
intensive production systems next to the hacienda system (Rivera Cusicanqui 1987). 
Due to inheritance rules, haciendas became divided into plots of land below the level of what 
was acceptable from a financial-economical point of view. This happened especially in the 
rain-fed production areas of the Ayopaya province. It confronted hacienda owners with a 
deep crisis in the first half of the twentieth century (MACA, INE and FAO 1985). The 
landowners then decided to increase their production levels by expanding the arable 
production area. New land for cultivation became available by reclaiming forests, spiny scrub 
and permanent grassland. These areas were mostly situated on steep hillsides, extremely 
vulnerable to erosion. In addition, the fallow period was shortened. Lack of locally produced 
manure led to inadequate fertilisation levels. Landowners were not interested in spending 
money on agriculture. A dramatic situation of mining natural resources was introduced. 
Positive cash flows were not reinvested in the maintenance of agricultural production 
conditions as the landowners preferred to invest their earnings from agricultural production in 
industries and commercial activities (Rivera Pizarro 1992). 
The freehold- peasant production system 
The national revolution of 1952 declared that unproductive haciendas must be expropriated 
(Kohl 1978). Farmers started to expel landowners by fights, assaults, and land seizures 
without considering the productivity of the hacienda. The government was, therefore, forced 
to declare the Law of Agrarian Reform on August 2, 1953, in order to control social agitation 
in the countryside. In Cochabamba, the reform was violent and carried out almost completely 
(Smith 1977). 
Farmers who had served at former haciendas, finally received land. They started freehold 
peasant production systems. They also created cooperatives, but these were dissolved after 
some years of working together. The Agrarian Reform started with ensuring the property 
rights on land. It continued with extending agricultural land (legally and illegally) by 
reclamation of public areas. Communal land (the public area) included natural pasture land, 
forests, and spiny scrub. At national level, 550,000 farmers received 4 million hectares of 
agricultural land. In the valleys of Cochabamba the average property of agricultural land per 
family was 3.6 hectares. The farmers cultivated 2.2 hectare each year, leaving the rest fallow. 
In the 1980s the small farmers supplied 79 percent of the national food production ( I L D I S 
1988). 
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The intensive land use strategies on small plots for family consumption, as practised under the 
former hacienda regime, continued after the Agrarian, Reform. However, farmers also copied 
the extensive cash crop production from the haciendas. In addition, they cleared forests and 
began to cultivate low-quality agricultural land as the landowners had done before them. 
Therefore, the present agricultural production system of family farming shows two 
contrasting types of land use: the traditional intensive and subsistence-oriented agricultural 
production system and the extensive hacienda production system for cash crop production 
only (See Table 3.1). This indicates the complexity of the campesino economy and the multi-
objectives of present farmers' production strategies. 
Reclamation of pristine and marginal land had a negative impact on the state of Andean 
natural resources. Furthermore, over-cultivation, short-term production goals and thinking 
mainly in terms of financial economics and, in addition, the introduction of artificial inputs, 
such as fertilisers and pesticides made the situation worse. The effects of total mining of local 
natural resources also had a great impact on the natural resources far from the places where 
these occurred. 
TABLE 3.1 Seven centuries of changes in land use, land tenure and land degradation in the 
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3.3 Production and family-farming economy 
Economic living standard ofpeasant families 
According to the farmers, there is enough food available for the people in the Huancarani 
community. However, family budgets are below the minimum standard of living. Huancarani 
farmers indicate that most families cannot afford schooling for their children nor buy clothes 
and shoes regularly or improve their houses. 
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Income is obtained from the sale of agricultural production surpluses and from additional off-
farm and non-agricultural activities. The average net income of a family is 240 us dollars per 
year (57 U S dollars per head of family), including income from off-farm and non-agricultural 
activities in the native community, but excluding income from temporary migration. 
Land 
The natural resources are divided into private ownership of agricultural fields and 
communally administrated land and forests. The farmers union controls the distribution of 
natural resources such as forests, water for irrigation, communal grazing areas, as well as the 
allocation of agricultural fields for family production in the puna (highest) agroecozone. The 
most important task of the farmers union during the nineties was to round off all 
administration related with landownership. 
Agricultural land in Huancarani covers 686 ha, which is only 15 percent of the total area of 
the community (Tekelenburg 1994). In 1994, the average land per family measured 3.78 ha. 
The average size of yearly cultivated land by one family was 2.43 ha. Each year the crop-
fallow rotation scheme in relation to soil quality and the availability of irrigation water 
determine the quantity of land under cultivation. 
Labour 
Agricultural production is organised by families. For their married sons and daughters, arable 
land is not available and they remain working with their parents and grandparents on the 
family property. 
Each member of the family has a long list of tasks to fulfil. Even children have to "work" by 
watching over their younger brothers and sisters and to herd the sheep and goats. When they 
are older, they assist in sowing, harvesting and other labour-intensive tasks. The women are 
responsible for most of the work around the house. Sheep and goat pasturing is their 
responsibility when the children cannot do this. Moreover, they do all kinds of agricultural 
work when labour is needed in the seasonal peak time (Boogert 1992). They also have 
important social tasks. When the men are outside the community, the women attend the 
meetings and activities of the farmers' union. Women administrate family savings and are 
responsible for the sale of produce once it is stored in their houses. However, when large 
investments or sales have to be carried out, the husbands are the final decision makers. Only 
four of the households (2 percent) were headed by a female. 
Men take care of the agricultural work and collect firewood. They drive the pair of oxen and 
manage the livestock in the puna and subtropical agroecozones. The transport of agricultural 
inputs and produce is their responsibility too. Men travel frequently outside the community 
and participate normally in the board and meetings of the farmers union. 
Income generated by non-agricultural work at home and by other, off-farm, activities 
contributes to about 22 percent of the family income. Between families, variation in this 
parameter is high; some have hardly any additional income, others have full-time non-
agricultural work. Examples of non-agricultural activities by women are manufacturing 
handicrafts, maize beer brewing and shopkeeping. Some non-agricultural activities by men 
are working as musician, carpenter, blacksmith, miller or truck driver. 
Huancarani relies on three agricultural production subsystems, according to its agroecozones. 
During the L R P , the subtropical agroecozone, became very important. Therefore, we shall take 
a closer look at particular production systems. The data will be used for the design of 
alternative production systems in this agroecozone (see Chapter 9). 
Getting in touch with the project side 23 
The production subsystem of the subtropical agroecozone 
Forty six percent of the families own private land in the subtropical agroecozone. Income-
generating activities are livestock and agricultural production in irrigated gardens. The rain-
fed fields are generally not sown as the soil fertility is low and the rains frequently start late. 
The share of the total agricultural cash income from cattle production in the subtropical 
agroecozone is 17 percent per family, while the sale of vegetables, fruits and potato contribute 
10 percent. 
Labour and capital investments are low in the subtropical agroecozone. Livestock production 
requires about fifteen working days per family year. The irrigated gardens use up relatively 
high quantities of labour. For example, potato production requires up to 120 working days per 
ha/year. The total labour input in the agroecozone is calculated at 6500 working days. 
At least 60 percent of the farmers pasture their livestock in the subtropical agroecozone. The 
livestock in the zone comprises about 700 cows and 2000 sheep and goats. More than 1800 ha 
degraded forest, grassland and exhausted agricultural land is available for livestock 
production in the subtropical agroecozone. Cattle is managed extensively i.e. farmers invest 
only minimum quantities of labour and capital in livestock production. They carry out 
castration and vaccination campaigns, and heal (not systematically) sick or wounded animals. 
Manure is not collected. The animals are given stubble from irrigated gardens in the zone. 
Productivity of livestock is low according to the farmers themselves (one cow per year to be 
sold for every ten cows living in the zone). The number of live births per adult cow and 
animals lost by accidents are not registered. 
The extensive cattle management is not in balance with the environmental conditions because 
of free grazing on fallow land and overstocking. However, it very well matches the farmers' 
objective of stable income generation and minimal labour input. 
The productivity of the livestock system of the subtropical agroecozone is extremely low 
(production of one cow per lifecycle on 25 ha) but the economic efficiency of the livestock 
system is high. This may be translated into a production opportunity. Farmers showed much 
interest in increasing their livestock production by additional production of forage, although 
extra labour would be required and the economic efficiency may decline. When livestock is 
managed by stabling at night, cattle can be concentrated around the forage production fields 
and manure collected. Manure then becomes available for application on the fields of forage 
production as well as on irrigated gardens in the zone. In this way, livestock becomes 
integrated into agricultural production. These features may be interesting points of departure 
for designing sustainable farms. 
Vaccination, medical treatment and castration are carried out by farmers cost less than 10 
dollars per cow in a lifecycle. Investment in irrigated gardens is about 50 dollars per ha. Local 
manure, certified seeds, chemical fertilisers and pesticides are nearly used (because of the 
long distances to the farmers' houses and lack of capital). Therefore, the yearly capital 
investment in the zone is less than 3750 dollars. 
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FIGURE 3.4 Visualisation of the production system of the sub-tropical agroecozone 
3.4 Cultural aspects 
Traditional (Inca based) farmers organisations do exist today, but have lost power in the 
community's everyday government. From the Agrarian Reform onwards, farmers have 
become organised in syndicates with strong representation from local to national level. At the 
same time, farmers became involved in NGO project organisations. These organisations 
explain the social and cultural strength of the Andean farmers very well. Table 3.2 shows a 
summary. 
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TABLE 3.2 Local farmer organisations and their main functions in Huancarani 
Organisation Functions Examples 
Inca based organisation 
Headed bv the chief 
Organisation of communal 
production 
Potato production in the Puna 
aqroecozone 
Local jurisdiction Cases of animal theft or 
problems between families 
Organisation of local happenings Patron feast 
Union: (Central Unica de 
trabajadores Campesinos de 
Bolivia) with president at the 
head 
Irrigation system organised 
Coordination and acceptation of 
all kinds of visits, development 
projects and communal work 
Infrastructure: construction and 
maintenance of roads, health 
post and primary school 
Reforestation 
Representation in provincial, 
regional and national boards of 
the union 
Training, information exchange, 
planning and realisation of joint 
(national) policies 
Joint supply of inputs and sale of 
produce 
Fertilisers 
Sports Local and provincial 
tournaments 
Non-Governmental 
organisations and the churches 
With native assistants as local 
coordinators 
Health care Vaccination campaigns 
Mother and child services 
Administration local health post 
Development projects Reforestation 
Potato production 
Religion and education Training, scholarships and 
Religious feasts 
In the following, the differences between farmers and scientists will be discussed referring to 
their worldviews and ways of thinking. From these it will become clear that there is a need for 
interactive approaches to farm innovation. The differences in views will give some idea of 
how to conceptualise rural development based on shared decision-making. The examples are: 
- differences in vision on development and 
- differences in practising decision-making. 
Different visions on development 
Scientifically educated agronomists and veterinarians want to understand a problem first, 
while small farmers simply want to solve a problem by trying out things. The farmer see the 
world as an objective sum of bits and pieces, while the latter consider the world as more than 
the sum of its parts (Van Asseldonk 1987). What is seen as "more" varies from culture to 
culture and from region to region. Anyhow, both parties speak another language (Van Kessel 
1990) and have different experiences. This makes development-aid work so complicated. 
Scientists and farmers may spend some time together until the moment comes when they have 
to make their views on the world explicit (Van Eijk 1999). From that moment both may split 
up mentally and joint learning by the farmers with scientists become marginal (Rhoades 
1983). I paid special attention to this aspect of development-aid work. Apart from the vision 
of the farmers involved in the program, I accepted Brundtlands definition ( W C E D 1987) of 
"sustainability" as a leading vision. This vision is interesting for resource-poor family farmers 
with problems such as soil quality, as it refers to what the present generation has to do or 
leave for the benefit of future generations. Moreover, according to Brundtland "sustainability" 
goes further than the borders of farmland, rural areas and even of states. This definition 
appeared to appeal to the subsistence farmers of our program. 
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On the project side, the farmers' vision on development can be expressed best by the farmers' 
statement studied by German Vargas (son of the extensionist Eloy Vargas): 
Desarrollo es vivir mejor sin defar de estar bien\ 
This statement requires some explanation. "Vivir mejor" stands for better living conditions 
and should be translated in terms of economic growth and better social welfare. The second 
part of the statement, however, restricts the idea expressed in the first words. "Sin dejar de 
estar bien" says something about the relationship between human beings and their 
surroundings (Jungerius 1985). Here "the surroundings" refers to the natural environment as 
well as to ancestors and gods. Freely translated, the statement may therefore be: "Human 
beings are allowed to exploit natural resources, however never without removing the 
resources' self-organising properties". Or in other words: "Never cut the branch on which you 
are sitting". 
Different decision- making procedures 
Most of the decision-making models for rural farm development, designed by extension 
scientists and agronomists, describe a direction from thinking to doing. This implies that we 
start by defining a problem in terms of what we can understand by measurements and proceed 
with (experimental) research in order to obtain new information. New information is 
considered to be essential for rational decision-making. 
The farmers' way of decision-making goes from doing to tibinking. Since farmers lack much 
information, they make decisions trusting on their practical experience and intuition (De Vries 
1989). As farming systems come into being on the basis of many components and unknown 
or not understood relationships between components, decision-making within such systems is 
always something like a best guess. 
The two ways of decision-making are usually causes of confusion, misunderstanding and 
conflicts of interests between scientists and farmers. During all our work, I constantly tested 
what scientists and development-aid workers on the one hand and farmers on the other, 
wanted to say or contribute. This approach was a learning tool in itself. 
3.5 Conclusion 
The project site of Huancarani is a perfect area for farm innovation. The interesting history of 
land tenure and land use, the severe problems of land degradation, as well as the climatic 
heterogeneity for crop diversification can lead to various production opportunities. 
Huancarani counts on strong and diversified farmer organisations. We understand its 
performance of the natural resources and production systems and also its inhabitants, habits 
and culture. We concluded that the project site met a number of important preconditions that 
are favourable for carrying out the L R P . 
1 Development is economic growth and increased social welfare, without crossing the limits of culturally based 
natural resource management. 
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Structuring the working process 
4.1 Complexity of rural problems and the art of identifying interactions between 
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4.1.1 Complexity of problems in rural development 
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4.2 Designing a learning process for Huancarani farmers: a theoretical basis for problem 
solving 
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4.3 Steps for farmers learning to learn: the three levels of learning in the complex context 
of Huancarani 
4.3.1 Learning in practice 
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4.4 Conclusions 
Problems such as lack of income and loss of soil fertility, as well as opportunities like 
sustainable development and learning to become a manager of natural resources, demand a 
good deal of creativity from resource-poor farmers. Problems arise faster than they can be 
solved. Farmers have to innovate continuously in order to be able to survive under marginal 
production conditions and, at the same time, to maintain competitiveness in a "global market". 
This makes resource-poor farmers uncertain when they start participating in development-aid 
programs. Often, they are expected to give up their past, traditions, as well as their own ideas 
about what they want from their future. Development-aid workers are expected to work 
rationally and on a low budget, and to induce great effects. Research on rural development, 
therefore, easily turns into a selection from "quick but short-term solutions" or into many 
more questions (more problem analysis and research) than they once started with. Right from 
the beginning the L R P rejected such development strategies. In their view, farmers should be 
prepared to adapt continuously to changing contexts of production and markets. Therefore, 
the program explicitly put problem solving by group learning pathways at the centre of its 
objective. 
Innovations are not the result of sophisticated experimental research projects (Simon 1969; 
Van der Ploeg 1995), but the effect of accumulation of output from decision-making on many 
(relatively small) innovations in the everyday reality of practice. These innovations are 
prepared in discussions, interactions and cooperation between human beings. Thus, 
innovation is the result of interactive knowledge networks (Roling 1995; R8ling 1998; Engel 
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1995) or of possibilities for human beings to learn from each other as well as from the results 
obtained in their every day work. Rural development is a matter of stakeholders, all living in 
one and the same area. Without their acceptation, implementation of new production 
strategies will not be reached easily (R6ling 1994). 
We accepted that the problem of the L R P , i.e. helping farmers how to learn from each other 
and from other stakeholders, had everything to do with empowerment, emancipation, 
management skills and effective communication. Therefore, we had to focus on new positions 
and roles for scientists, extensionists and farmers in the region. The art of raising good 
questions became more important than giving answers and recipes (technology packages). 
The problem of self-organisation within the L R P thus became a question of how to "create" 
innovative professionals. Apart from instrumental skills, such as good tillage, crop and/or 
animal protection or harvesting strategies, the L R P also had to face managerial skills, 
creativity, space for reflection, self-knowledge, self-education, acting in risky situations, and 
working with too little understanding. It also had to face knowledge and character traits such 
as perseverance, drive, enthusiasm, self-respect and courage. 
The problem of the L R P was that farmers were generally not used to be taken into account nor 
to be invited to participate in the design of new agricultural production systems. The task of 
the L R P was to help farmers to learn from each other and manage their own development 
process. So, the work process involved had to solve a problem, rather than to explain related 
phenomena. 
This chapter shows the work agenda for getting the L R P question solved. The work agenda 
looked more ordered than it was in reality. This had two reasons. Firstly, the adagium of the 
program was "let the farmer learn" and, secondly, the process was problem solving and not 
knowledge or conclusion oriented. That made reconstruction of the methodology and 
development action necessary. 
The work agenda faced three basic questions: 
- What levels of complexity of the problem can be distinguished in a particular situation and 
how was the management of knowledge processes among interacting farmers structured? 
- What is a suitable theoretical basis for joint problem solving between farmers and 
scientists? 
- Which steps should be taken in order to bring farmers to a state of permanent learning from 
their own experiences or from thase of others? 
In the following sections these issues will be discussed further. 
4.1 Complexity of rural problems and the art of identifying 
interactions between stakeholders 
Rural development in Huancarani is complex because of three aspects: 
- It acts upon complex farming systems in a heterogeneous environment; 
- It is process-oriented; 
- It involves many human beings. 
The process involved cannot simply be split up in step by step approaches. The interaction 
between stakeholders is that of a permanent dialogue. 
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4.1.1 The complexity of problems in rural development 
Problems in farming are always complex. Experimental research strategies cannot solve the 
problems, because these need to be reduced until experiments become possible that can be 
carried out under fully conditioned circumstances (experimental fields or laboratories). When 
agricultural scientists want to keep the problems to be studied as they are, they need other 
strategies such as modelling or farming system research. Rural problems, however, involve 
factors from many more sectors than only agricultural ones (think of water conservation, 
environmentalists, urban needs). 
The generally known classification method in agriculture is the system of nested levels of 
aggregation (Fresco 1986). A farming system hierarchy, for instance, starts at D N A level, 
followed by the cell, tissue, organ, crop, field, farm, region, watershed level, etc. up to world 
level. For each level, specific research methods are available. 
Although some projects applied this classification method with success, it did not work for the 
Land Rehabilitation Program. It became clear that a level of aggregation is especially useful 
to identify the structure and components of a farming system, but it cannot determine 
unilaterally the kind of research methodology at each aggregation level required. The 
selection of methodology became complicated when the L R P discovered that in Huancarani 
the problems of one farm or one farmer ranged from plant or animal to rural levels. Farms 
consist of several higher aggregation levels (such as agroecozones and the provincial market 
place). It is also known that specific methodologies, such as optimisation methods (hard 
system design), can be applied at farming system, cropping system as well as at plant 
aggregation levels of analysis (referring respectively to income optimisation by economists 
and plant productivity by ecophysiologists). The L R P showed that, at crop level, basic as well 
as adapted research was required. At community level, both hard (Cost Benefit and Sensibility 
Analysis) and soft system analysis (Multi Criteria Analysis and S W O T analysis) had to be 
carried out. And there is more. All sub-problems involved, at any aggregation level, needed in 
some way or another some soft system design, because final decision-making was difficult to 
model mathematically. There always was one component or aspect that remained 
undetermined. It was concluded that the choice for a particular methodology was more 
restricted by research conditions at a particular site, farmers' objectives, enthusiasm and 
capacity, as well as the complexity of the problem, than by aggregation levels. 
Some ways of classifying rural problems are: 
- Levels of the quality (poorly or well defined) of systems (Klabbers 1983); 
- System complexity: static structures (frameworks), simple dynamic systems (clockworks), 
self-regulating cybernetic systems (thermostats), self-maintaining living structures (cells), 
more complex living and self-organising adaptive systems (Boulding 1968); 
- Hierarchy by complexity levels of the problem situation: soft and hard systems, 
management practices and production factors (Bawden et al. 1985); 
- Time horizon of planning (short-, middle- and long-term) (Klabbers 1983); 
- State of knowledge (certainty, risk, uncertainty and ambiguity) (Van Pelt 1993); 
- Phase of a development cycle (problem identification, option generation and option 
selection) (Geurts et al. 1985); 
- A chain (hierarchy) of explanations of land degradation (Blaikie 1989). 
The Land Rehabilitation Program preferred to work conform the system classification of 
Bawden et al. (1985). The description involved is very clear and applicable to the L R P . Four 
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levels of complexity were identified: two for multi-problem objectives of the problem 
situation with a system perspective and two for single problem objectives at component level. 
a) The highest level of complexity in the problem situation is soft system related (Checkland 
1981) and the objectives involved are of a multifunctional nature. Soft systems consist of 
poorly defined causal relationships. In soft systems some of the elements or their 
interactions are not well understood, cannot be quantified or are influenced by visions and 
standards of the human beings involved. Scientists have to deal with great uncertainties in 
knowledge and include decision-making models and procedures that are based on 
interdisciplinary problems and the different views of actors involved. 
b) The second level of complexity concerns hard (robust and exact) systems (Checkland 
1981). Systems with more than one objective, such as optimisation problems in farm 
production or farm economy, belong to this level of complexity. Hard systems are 
generally mathematical or monetary models based on quantitative factors and variables. 
Some examples of models with well-defined causal relations are cost-benefit analysis and 
environmental plant production theory. 
c) The third level of complexity refers to component analysis of which the main objective is 
to improve its effectiveness. This level includes agricultural practices carried out by the 
farmers, such as fertilisation, irrigation and crop protection. At this level research is 
carried out with an applied or problem focus. 
d) The fourth (lowest) level of complexity of a problem situation concerns studies on isolated 
factors. The main question at this level refers to knowledge about how a factor works and 
why the phenomenon is as it is. Here, research has to explain phenomena and identify 
fundamental natural laws. 
Table 4.1 shows an overview of the possible levels of complexity in a problem situation for 
farm innovation processes. 
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TABLE 4.1 Hierarchy of research approaches based on complexity levels of a problem 
situation (modified after Bawden et al. 1985) 
Level of 
complexity 
Focus of the 
problem 






How can the situati-
on be improved? 
Soft system research: 
Multi Criteria Analysis (Van Pelt 1993), 
SWOT (Hamilton 1995) 
RAAKS (Engel 1995), 
Decision-making procedures (Bos 
1974) 
Platform building for interactive learning 
(Roling 1999) 
Adaptive management (Jiggins and 
Roling 2000; Holling 1995) 





How can its 
performance be 
optimised? 
Hard system research: 
System dynamics (Meertens, Ndege 
and Enserink 1995; Struif Bontkes 
1993), 
Multiple Goal Planning: FLORA (van 
Rheenen 1995), 
Diversity of yields (Steenhuijsen-Piters 
1995), 
Prototyping (Vereijken and Wijnands 
1994) 
Efficiency 
Solve the problem 
(Single objective) 




Communal, organised comparative on-
farm experiments (Tripp and Wooley 
1989) 
PTD (Reijntjes, Haverkort and Water-










Experimental component research 





4.1.2 The art of identification of interactions between stakeholders 
The L R P had to address the highest complexity level mentioned in Table 4.1. The L R P wanted 
to improve the rural situation and asked us to create a situation that would teach farmers to 
learn how to operate a management process directed at the improvement of their own 
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situation. The question "How to bring fanners in a permanent state of progressive 
interaction?" may be compared to the question "What are the characteristics of a perfect 
dialogue?". So, the L R P wanted us to create a structure in the dialogue between farmers and 
outsiders about questions of which they were not sufficiently aware. Dialogues, discussions or 
debates in general, however, are hard to structure. By nature, they do not have a structure at 
all. The art of a fruitful discussion is that the debates constantly test the validity of their 
statements, arguments or definitions. A good debate is like a good game between two players 
or groups of players. They react to each other, constantly bringing more depth in their 
negotiation. Could this also happen when the debate becomes rationally structured? The 
answer is "Yes", that is, when a skilled debate leader guides the debate. "No", when the 
learning process (debate) is not evaluated and improved by its members and when there is no 
"umpire". Interactions between farmers and discussions at the highest level of complexity are 
normally not umpired. Farmers themselves must get some notion of what is important and 
thus become leaders in discussions. This picture led to the questions mentioned in Box 4.1. 
BOX 4.1 Questions related to the guidance of a good dialogue. 
- How to give farmers a sense of urgency, as the high level of aggregation of the L R P may give them 
a notion of "this is not about me"? 
- Who are the partners, who should contribute to solutions? 
- How to create a situation where stakeholders want to meet ? 
- How to bring discussion partners into the debate? 
- How to stimulate mutual trust and solidarity? 
- How to observe emerging results? 
- How to make such results explicit? 
- How to consider results as a learning moment? 
- How to let the group decide? 
- How to let the group take full responsibility for their own decisions? 
- How to teach the group to effectuate responsibilities? 
- How to continue - keep the process open? 
Bos (1974) made a profound study of the dynamics of good debates. He identified three 
different qualities in satisfying discussions: 
- Partners exert themselves in order to get a complete picture of the subject in discussion 
(imaging); 
- When the same image arrives in everybody's mind, partners start to give their judgements 
on what they have seen, heard or experienced (judging); 
- After all judgements have been passed, good discussions usually end in something like 
decision-making. 
Discussions ending in the imaging phase are seldom satisfactory. They bring conflicts 
between visions and purposes, convincing others of being right only. Such debates are seldom 
free from being a display of power. 
When discussions end in the judgement phase, this usually means that the discussion partners 
are not capable of listening properly. The debate then takes the form of "work off steam". 
These debates may be useful, but without the skill of listening, they may continue to circle 
around the same issue. 
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Discussions ending with decision-making are often experienced as being satisfactory. 
Variations on Bos' observations can be found in Hamilton (1995), Van der Fliert (1993), Van 
Schouwbroeck (1999), Van Eijk (1998) and Kolb (1984). 
Hamilton (1995) made clear how developing leaders can test the quality of each step in a 
debate. The quality indicator was interactive approaches. Interactiveness appeared to be a 
meaningful aspect of the quality of farmer participation. Interactiveness cannot be understood 
on a numeric scale of quality, but in terms of different types of interactive approaches. Nine 
types could be identified as proposed by Hamilton (1995). A zero level consists in no 
participation at all. Next, participatory types can be defined, without being interactive: 
physical participation, consultative participation and collaborative participation. These types 
are characterised by lack of real dialogue and even more by one-way communication 
approaches. Interactive learning types are subdivided into dependent learning approaches and 
interdependent learning approaches. Dependent learning approaches consist of feedback loop 
interaction. Interdependent learning approaches are: knowledge generation-based interaction, 
self-directed and contrasting based interaction and coalition building interaction. Finally there 
is the concept building interaction approach that results in the best quality of interaction. 
Hamilton used the S W O T analysis technique as a tool for getting a meaningful insight into 
interactive approaches in debates: the strength and weakness on the one hand, and the 
opportunities and threats on the other. Table 4.2 shows the results. 
TABLE 4.2 SWOT analysis applied to interaction in debates (modified from Hamilton (1995). 
Strength: 
- leads to new thinking about the problem 
situation 
- encourages multi-disciplinary thinking 
- encourages multidisciplinary team approaches 
- is experimental learning in process approach 
- improves managerial skills and creativity 
- opens up implicit views 
Opportunities: 
- gives rapid feedback to participants 
- can be used by anyone, anywhere and does 
not depend on the involvement of a "highly 
educated" specialist 
- is better suited to make sense 
- leads to self-confidence, self-respect 
- transforms farmers from apathetic 
beneficiaries to process leaders 
- improves countervailing power and project 
ownership 
Weaknesses: 
- the outcome is unknown until it has been 
reached 
- the outcome is location- and group-specific 
Threats or constraints: 
- requires freedom of expression 
- requires non-experts to work in experts' 
domain of expertise 
- requires openness and modesty 
- requires recognition of the potential to fail 
- requires a suitable work environment 
The art of improving interactions that make sense for the creation of a learning pathway 
among the resource-poor farmers of Huancarani became structured according to the 
discussion dynamic theory of Bos (1974). Table 4.3 shows some examples of activities that 
worked when bringing Quechua farmers into advanced debates about their rural development 
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TABLE 4.3 Actions that worked for Quechua farmers in Huancarani in order to improve the 
dialogue in the platform. The centre column identifies relevant questions of 
interacting at high levels of aggregation. The right column shows the selected 





guiding a good 
dialogue 
Tools 
Preparation How can a sense of 
urgency be reached? 
Show the relationship between their activities and 
observable effects at regional level 
- Analyse historical trends (Jhoda 1989) 
Who are the partners 
involved? 
- Let the farmers mention names or groups 
How to create a 
meeting place? 
- Allocate a place with a meaning for farmers (a 
house, a community place, a tree, a place where 
everybody can see them talking) 
Insert discussions in traditional or actual meetings 
How to bring partners 
into the debate? 
Identify common interest 
Social drama 
Study tours 
How to stimulate 
mutual trust and 
solidarity? 
Starter activities (Reijntjes, Haverkort and Water-
Bayer 1992) 
Exchange of labour in case of experiments and pilot 
production 
- Agricultural rites (Salas 1992) 
Imaging How to make farmers' 
inner thinking more 
explicit and dynamic? 
Define the concept of development 
Define a vision of future farming 
Debate on key informant testimonies 
Make a scale model of the area 
- Take examples out of their traditions 
Take joint community walks 
Unexpected events (Brouwers 1993) 
Define the package of demands 
Judging How to observe 
emerging results? 
Change from imaging to judging 
Analyse coherence in links among own opinion of 
today's situation, expectations for the future and 
experience from the past 
How to make such 
results explicit? 
Knowledge integration 
Proposals for continued action 
Call for decision-making procedures 
Decision-
making 
How to reflect results 
as a learning 
moment? 
Evaluation of the impact on the LRP, farmer 
participation and the applied interactive approach 
How to let them 
decide? 
Multi Criteria Analysis 
- SWOT 
With-without comparison 
How to let them be 
fully responsible for 
their own decisions? 
Let farmers organise implementation themselves 
Let farmers invest with own capital and labour 
How to teach them to 
effectuate 
responsibilities? 
Social control: presentation in local and provincial 
farmers unions 
Signing individual and group implementation 
contracts 
How to stimulate 
farmers to start new 
preparation and 
imaqinq phases 
Step by step implementation of the integrated 
cactus pear and cochineal design 
Keeping the process open for further development 
(Reiinties, Haverkort and Water-Bayer 1992) 
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4.2 Designing a learning process for Huancarani farmers: a 
theoretical basis for problem solving 
Farmers are not alone in farm innovation. Many stakeholders can be identified alongside 
farmers: farmers organisations, scientists and policy makers at several levels, consumer and 
environmental action groups. Not only complex technological problems may be the object of 
study, but also social constructions. Perhaps the most important difference between farming 
system research and farmer participatory development is the latter's focus on the value and 
development of the potentials of farmers. 
According to Scoones and Thompson (1992), there is a fairly widespread consent in literature 
on farmer participation that purely autonomous learning processes are inadequate. This 
"beyond farmers first" approach emphasises that neither indigenous knowledge (Rist 1991; 
Rist and San Martin 1991), nor scientific knowledge are unilateral pathways in development 
processes. Many cases have been described in which innovation was prepared by scientists 
unilaterally. In such cases progressive farmers were selected to test the innovation 
individually. Adaptation by neighbours happened when they could see that the innovation 
worked (Rogers 1995). Chambers and Jiggins (1987) concluded that the unilateral offer of 
science-based technology packages to farmers, being the ultimate users, simply does not 
work. 
4.2.1 Farmers' contributions 
There are only few cases published in which farmers systematically bring their insights, 
innovations or even farming problems into something like a forum. Da Silva (1999) observed 
the same as he reports that farmers have difficulty in discussing ideas or strategies at 
community level, especially when they think that their ideas may benefit others. Even the 
most open groups tend to exclude some part of their community and farmers, even in high 
competitive realms, and keep discoveries as "family secrets". Of course, pride and secrecy 
"push" the farmers to experimentation. Considering the complexity level of the L R P , we 
expected that the same would hold true for Quechua farmers. 
But farmers learn fast, especially when they see the success of others (Diffusion of 
innovations, Rogers 1995), and their learning pathway is not necessarily individual. Da Silva 
(1999) and Van Schoubroeck (1999) report extensive information networks outside formal 
research and extension. R8ling and Wagemakers (1998) accept that contextual factors are 
likely to affect the process of mutual learning. The same is true for the dynamism in the 
group. In the line of previous discussions (see preceding section) we concluded that learning 
pathways within groups of resource-poor farmers must have three mayor components: 
context, dynamism and outcome. 
4.2.2 New challenges for academic contributions 
The position is that powerful outcomes of the farmers' contribution to research and 
development are the result of sufficient dynamism in farmers' debates and that such debates 
are favoured by facilitating contexts. Scientists are needed for the facilitation of stakeholder 
platforms helping to structure and supervise learning pathways. The components of a 
structured learning pathway can be specified now. Farmers require (see also Figure 4.1): 
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- A platform for a powerless dialogue about each others' experiences, problems or results 
(Van Mansveld 1995). No member counts individually on complete knowledge and power 
to solve the problem; 
- A platform that functions as a solidarity group, where insights and visions are shared, or as 
an advocacy group to raise power in debates at the national (political) level; 
- A platform as the highest decision-making tool, where partners negotiate about trade-off 
between conflicting interests; 
- A platform that legitimates the role and activities of (contracted) outsiders working in the 
area in question, thus keeping coherence among various activities in the development 
process (agency). 
solidarity interdependent learning 
platform 
agency decision-making 
FIGURE 4.1 Relevant requirements for good functioning of platform discussions between 
stakeholders 
The question is now how a platform with the four characteristics mentioned above can be 
designed. To start with, some scientific concepts of interactive science are explained followed 
by the analysis of "designing" as a scientific activity. 
Interactive science 
Complex problems, such as farm innovation, generally justify the intervention of many 
academic disciplines. This implies that natural sciences and social sciences must join problem 
analysis and must complement-integrate results from all kinds of angles into the "final" 
solution. So, on the one hand, scientists have to work together. On the other hand, they have 
to interact with stakeholders' opinions and work procedures. Roling (2000) called this the 
"beta-gamma" interactive approach in research and development: interactive science. "Beta" 
stands for exact natural science and "gamma" for social science. Development-aid workers 
developed this integration during practical research and development activities in the field 
with active participation of different stakeholders. This was done especially because of the 
need to find solutions to complex problems based on interaction among scientists and 
stakeholders. Interactive science is concerned about "land use negotiation" instead of "land 
use planning". The Land Rehabilitation Program can be classified as a "beta-gamma" 
interactive approach. 
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The concept of interactive science can be explained further by looking into the development 
in scientific paradigms. In a diagram, Roling (2000) showed how scientific paradigms are 
related, using a subdivision of four classes made by two axes: holism-reductionism and 
positivism-constructivism (See figure 4.2). Three main paradigms can be briefly described as 
follows. Traditional agricultural science was based on a "techno-centric" paradigm: 
positivism and a reductionism focus. Solutions were of technical and economic rationality. A 
complementary scientific paradigm was developed, moving from the "best technical solution" 
to the "most efficient natural-resource-use". Integrated Pest Management is one of the best-
known examples of such an "eco-centric" paradigm: positivism and holism (Van der Fliert 
1993). In addition, a new scientific paradigm is developed, based on constructivism (Roling 
1995) and holism (Van Eijk 1998): the "holo centric" paradigm. The beta-gamma integration 
as well as "interactive science" must be found in this third paradigm, because of shifts to 
constructivism. The focus is on the construction of critical learning systems, i.e. the design of 
a collective cognitive system with an ecological rationality. Because environmental problems, 
as well as sustainability of production and natural resources, are in the first place human 
decision and action systems, we must consider these interactive learning processes as soft 








FIGURE 4.2 The development of scientific paradigms (from Roling 2000) 
The interesting point of the beta-gamma approach is that it is not exclusive to the exact 
natural sciences, nor to a positivist paradigm of science. There is no need for hard feelings. 
So, although agricultural research and hard system design are very important to farm 
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innovation, a new and complementary area of science is needed that refers to the contribution 
of stakeholders to problem solution. It is their participation and opinion, worldview, human 
intensionality, agreement, conflict and forward looking collaborative adaptive management 
that contributes to a large extent to the success of long-term learning processes. Agricultural 
development can be considered therefore and to a large extent, as an interactive science based 
on a constructivist paradigm (Roling 1996). 
The development of beta-gamma science was on the scientific agenda with a traditional focus 
on economic rationality. The newly developed challenge for science had to do with design 
and management of sustainable ecosystems more than discovery of physical laws from nature. 
It is known as the "eco-challenge" (Lubchenco 1998). Social learning has been determined as 
the key to a sustainable society (Holling 1995). Social science can do a good deal for the eco-
challenge decreasing the attractiveness of selfishness. One can think of the following tasks for 
social science: participatory platform building, creation of institutions, interactive planning 
and realisation of research and development agendas, development of complementary (not 
necessarily common) learning pathways for scientists and farmers, procedures for negotiation 
on agreement and joint decision-making, etc. This can be summarised by formulating the need 
for the design of applied collective cognitive systems with an ecological rationality. 
Designing is a specific form of problem solving. There is a problem when somebody wants to 
achieve a goal without having experiences at his/her disposal in solving the problem. Problem 
solving is a creative "think and do" process (Simon 1969; Kroonenberg 1992). It has been 
systematised and described by Van der Fliert (1993) and Da Silva (1999). Systématisation is 
needed when the process of creative thinking and doing must be learned for own use or for 
teaching others (Jara 1994; Kolb 1984). The cycle of creative problem solving has been 
described as follows (see Figure 4.3): observation, presumption, expectation, testing and 
evaluation. Presumption has to do with problem analysis and identification. Expectations refer 
to the vision on the problem's future solution. 
observation—> presumption — > expectation — • t e s t i n g — • evaluation 
FIGURE 4.3 The cycle of creative problem solving. 
This cycle is followed successfully when the participants of a platform engage in the 
following activities: 
- Skilled observation and problem identification; 
- Visualising the solution; 
- Translating observations into objectives; 
- Participate in the identification of various solutions; 
- Predict possible consequences; 
- Select the solution that gets the best support. 
Note, that these activities may be considered as detailing the three phases in the dynamics of 
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In reality, we must say that a problem solving designing process never ends, simply because 
the resulting product will never be perfect, completed or hundred percent satisfactory (for 
one's entire life). Therefore, it is better to speak of iterative cycles of designing or, in other 
words, designing without a final goal (Simon 1969). 
The farmer must become aware that the process of continuous problem solving (the 
methodological process) is the main objective. Improvement of the practical situation today is 
just a means of that process. This is the most difficult aspect of the L R P . Learning to learn is 
pivotal. This implicates that stakeholders had to engage in the following extra topics: 
- Platform building; 
- Communication and interaction with scientists; 
- Integration of opinions and results of research; 
- Decision-making procedures. 
This difficult challenge is comparable to aggregation in which a farmer must be told that he 
has to keep the soil quality high for the next generation(s), in case that not enough money has 
been generated by agriculture in order to guarantee basic needs. 
The learning pathway of Huancarani farmers can be designed when a platform of dedicated 
stakeholders regularly comes together and shares own ideas and questions with others. Such 
meetings are not simple social happenings. The participants must experience a sense of 
urgency and a pleasure to come. Each meeting had to perform one or more of the phases of 
Bos' discussion-dynamism: imaging, judging, or decision-making. But this is of course an 
abstraction. Getting farmers involved means that they must experience that all platform work 
is about themselves, about their families, their farms or their future. Long-term (process-
oriented) learning objectives must prevail over short-term technical problem solution. The 
following sections give information on how a learning system was created. 
4.3 Steps for farmers learning to learn: the three levels of 
learning in the complex context of Huancarani 
From the preceding sections it will be clear that designing learning pathways for resource-
poor farmers in Huancarani differs from technical designing. We found that: 
- Agronomic production happened by managing the production factor "life"; 
- Farmers and outsiders contributed to analysis, research and design in a complementary 
way; 
- Agronomic production took place in an open system or in other words in a surrounding that 
cannot easily be controlled; 
- Organisation of agronomic production very much depended on policies and interests at 
high (national, international) levels of aggregation. 
This demanded a good deal of skill in analysis and decision-making for the farmers' own 
benefit. A learning pathway therefore, must include many learning moments that train the 
farmers how to optimise plant or animal productivity, how to manage complete production 
systems without exhausting the natural resources involved and how to become the "manager" 
of their rural development (the highest level of complexity of the L R P ) . 
A learning pathway for farmers must have a goal i.e. they must have a reference (Millar 
1996). In addition, there must be a set of activities that helps farmers to achieve their goal; for 
example, they must talk, train and do (Roling and Wagemakers 1998). Also, they need to have 
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access to facilities such as experienced resourceful persons with special knowledge, written 
material that helps them to reread at home what they have done or learned. Another important 
facility is autonomy. A sense of autonomy gives farmers the feeling that the platform is all 
about them. It works as a basis for responsibility. 
The role of the development-aid researcher is very important. This person must let farmers 
experience that the success of their platform activities is learning-oriented, not solution or 
technology package oriented. They must feel that platform work demands skills such as 
raising questions, reflection on others, and careful observation. Farmers must expedience that 
the better they get on with each other, the more their environment improves (Da Silva 1999). 
Here, improving means replenishment of mainstream thinking with new ideas (mostly from 
others), experiences and thus with possibilities. 
Therefore, the development-aid worker must train him(her)self in timely recognition of 
deadlocked patterns in thinking or working among farmers. Many scientists discovered, for 
example Simon (1969) and Roling (1995), that new solutions or ideas are not necessarily the 
results of logic and rational think processes. Due to lateral thinking they may find solutions 
that otherwise would never have been discovered (Table 4.4) 
TABLE 4.4 Comparison of linear and lateral thinking in the case of methodology for the LRP 
Linear thinking Lateral thinking 
Think pathway Go from problem statement 
to solution 
Venture a solution and 
consider whether that 
matches with your problem. 
Goals and boundaries are 
permanently (renegotiated 
Reliability Each step must be sound for 
reaching a reliable solution 
It is possible to reach a 
solution along a range of best 
guesses 
Completeness Do research step by step so 
that it becomes complete 
Do your research randomly; it 
does not need to be 
complete 
Logic Be logical in one unilateral 
positivist scientific paradigm 
Compare between different 
views on vour problem 
Trust Only rely on the power of 
reasoning in each step of the 
research process 
Rely on your way of 
reasoning but follow your 
intuition 
System perspective Hard ecosystem Linked hard ecosystems and 
soft platform systems 
Role of extension science Find acceptable ways to 
make scientific results ready 
for use in practice (recipes) 
Systematize interdependent 
learning processes in order 
to improve them 
Role of development workers Train and visit final users of 
scientific results 
Facilitation of communication 
and joint learning processes 
Lateral thinking is about the support of the decision-making pathway from doing to thinking, 
as described in Section 3.4 (De Vries 1989). Lateral thinking gives the platform the room and 
flexibility that is needed to find solutions for farm innovation in the short term and a 
permanent learning process in the long term. Linear dunking may be included, for example, 
when the platform decides to contract scientists for doing research. 
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We have come to the conclusion that designing a learning pathway for Huancarani farmers 
must be a mix of reality and dreaming, of quantity and quality and of cooperation and 
individualism. In dialogue with the farmers of Huancarani, we discovered that they want to 
learn to improve their farming system as well as to learn learning for continuous adaptation of 
their production. 
Farmers started to learn in the L R P with all the strategies needed for the analysis of the 
problem and the visualisation of future perspectives for family farming. This procedure 
finished with research on and promotion of production of cactus pear and the introduction of 
cochineal. We considered this step as learning in practice. By careful observation of all 
procedures and interactions involved, obtained by learning in practice, we were hoping to 
learn from practice; that is to say from the learning process. Abstraction from this 
methodological issue could help us to learn how to address new and future problems: learning 
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FIGURE 4.4 Three levels of learning in the LRP in Huancarani 
4.3.1 Learning in practice 
The Land Rehabilitation Program became the tool for learning in practice and was governed 
by achieving a purpose. It is concrete, result-oriented and farmers can extract many learning 
moments from it. The L R P objectives are hard. The L R P wanted: 
- To know about the possibilities for production of cactus pear and cochineal (quantitatively 
and qualitatively); 
- Adequate agricultural management techniques; 
- Production systems of integrated cactus pear and cochineal; 
- Utility for evaluation of scenarios; 
- Integration of the cactus pear and cochineal production system in the actual subtropical 
agroecozone; 
- Implementation of cactus pear and cochineal production at Huancarani. 
4.3.2 Learning from practice 
The results obtained from the "learning in practice" level were collected systematically. We 
studied them by analysing the notes from discussions in the platform by stakeholders about 
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what had happened during realisation: problem analysis, research, design as well as 
implementation. The LRP functioned as a case. The objective of the joint platform of 
stakeholders was to obtain knowledge about the "physiology" of case-oriented group work. 
This was carried out by evaluation of each activity or methodology with the following three 
main indicators: importance (impact) to the LRP, farmer participation levels and applied 
interactive approaches. We joined the discussions and observed the position, enthusiasm and 
action of the farmers during each of the activities that were carried out. We experienced that 
farmers had a good understanding of the situation of their production sites and community. 
Therefore, we were able to identify improved procedures leading to better results, to be 
obtained in the learning-in-practice phase. This knowledge was further discussed in the 
platform and proposals for methodological (methods and procedures) changes were 
implemented during the LRP. In this way, the methodology of the farm innovation process was 
improved step by step during the execution of the LRP. Methods for reflection on action (Jara 
1994; Lammerink 1995) appeared to be helpful. This is what we called the learning-from-
practice phase of the LRP. It concerned validation of information and processes in order to 
improve learning in practice. It was important to let everybody free and feel comfortable. 
Honesty towards each other might be experienced as criticism or being negative. We trained 
ourselves constantly in making observations, asking the right questions and also expressing an 
opinion, when we were actively involved in a certain activity. 
4.3.3 Learning for practice 
The highest level of learning aimed at learning how to take one's future into one's own hands. 
Or, in other words, farmers who have learned to make a profit from their properties and who 
have learned to make a profit as a concerted action that benefits the whole community, must 
also learn to become empowered in getting tilings conditioned. This is to say, fanners must 
learn to think about their future and in conformity with insights, they must learn to do things 
for their own future. Doing things for the future are, for instance, long-term soil care, tree 
planting, but also plamiing the process of continuous farm innovation. The aim of this 
learning level, learning for practice, was to find a methodology for policy making in the hands 
of resource-poor farmers, together or not together with people from outside. This can only be 
achieved by conceptualising learning processes on the basis of systématisation of the 
experience of a practical case. We strongly believe that such a tool may be the beginning of 
effective empowerment. 
4.4 Conclusion 
The resource-poor Quechua farmers of Huancarani were drawn into a complex process. 
Complex because the heterogeneity of the natural environment of their region, the complexity 
of their farming systems to be redesigned, the process approach with a long-term objective 
and the complexity of the need for a participatory-interactive approach. Our work agenda was 
therefore structured in discrete phases. We considered each phase as a project in its own, this 
is to say, each phase began with problem identification and had to end with problem solution. 
This does not mean that each phase was carried out in an ordered sequence. This was not a 
problem as long as the platform could understand which data gathering activity they were 
engaged in at any moment. The work agenda started with learning in practice: 
• Describe the history and actual situation of farming in a problem statement (Chapters 3, 
and 5); 
• Formulate the perspectives of future farming and design objectives (Chapter 6); 
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• Determine production factors of cactus pear and cochineal (Chapter 7); 
• Design the integrated cactus pear and cochineal production system (Chapter 8). 
In the mean time, reflection on methodology and analysis of relations between activities 
resulted in learning from practice: 
• Experiment with new farmers' organisations as well as support institutes (Section 9.2); 
• Identify mechanisms to integrate knowledge obtained in the L R P (Section 9.3); 
• Study a methodology for selection between options and decision-making procedures 
(Section 9.4). 
Finally, the results of learning for practice can be presented as follows: 
• Find patterns of applied methodology and develop a management toolkit for the design of 
learning processes of complex problem situations for resource-poor farmers (Chapter 10); 
• Evaluate the results of the three levels of learning with the help of the toolkit (Chapter 11). 

Chapter 5 
Description of the actual situation: Problems of Quechua 
farmers 
5.1 Farmers' problems in Huancarani 
5.2 Analysis of farmers' problems 
5.3 Conclusions 
Asking resource-poor Quechua farmers what their problems are, normally results in a 
cacophony of voices. Most of them will speak about everyday and obvious things such as 
"We have no money for pesticides", "Give us good roads and transport facilities and we will 
produce more" or "The government does not guarantee stable and reasonable prices for our 
produce". Relying on such reactions makes any development-aid project a failure. Going on 
asking, probably evokes other reactions, such as: "Extension workers only see us as being 
stupid", "Scientists are stubborn" and "Politicians only want to change one small part of what 
actually is one big and interrelated system". When asked what they think of all the help they 
get from development-aid institutes results in Huancarani in muttering about "Problems 
among NGOs or between these local institutes and churches". I experienced myself that 
coordination between development organisations is difficult and sometimes impossible, due to 
their differences in political and/or religious worldviews. Strong differences in priority setting 
and ways of carrying out projects can frequently be seen, although in Huancarani experiences 
were not so bad. Salas (1992) states that technical solutions do not arrive properly at the 
interface between scientists and farmers. Scoones and Thompson (1992) consider this 
phenomenon as a rural conflict of interest, knowledge and power. 
Arrellanos and Petras (1994) conclude that the privatised position of Bolivian NGOs may be 
the problem. They report two orientations in their work. One group is active in promoting 
long-term socio-economic development and another in short-term action programs in order to 
relieve basic shortages, all within the realm of charity. The latter group offers gifts, food, 
buildings or roads and, by doing so, break down the carefully constructed strategies aimed at 
self-help, autonomy and learning to learn. In general, N G O S have close and strong 
relationships with farmers communities, which is not a bad thing, considering they are part of 
a relevant agricultural knowledge network (Crespo et al. 1991). On the other hand, however, 
criticism can be heard too: resource-poor farmers become too dependent on NGOs. Paternalism 
by NGOs and lack of autonomy for farmers, are sooner rule than exception in the Bolivian 
realm. 
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Being aware of the unfavourable aspects of rural development aid, the L R P put participation 
and motivation of farmers at the centre of its plan. The central question was to get to 
understand the problems in farming on a time horizon (past, present and future). Which 
positive or negative tendencies can be identified? Do farmers see them clearly? Resource-
poor people may have no other option than to complain about their actual problems, as they 
think of everything in the past as being much better. Johda (1989) found that this is mostly not 
true or at least doubtful when the analysis is focused on the differences between past and 
present and not only on the present farming situation. He advises to look also for the changes 
between the actual and the wanted situation. It is important to understand under which kind of 
circumstances resource-poor farmers perceive their problems and for which they ask help. It 
is also important to know who suffers from problems, because various groups within one 
community may experience the same problem in a different way and therefore need different 
solutions. Two obvious groups are for instance men and women (Rodriguez and Schoute 
1992). Being a facilitator, I was aware of my task to improve the context of the platform: that 
farmers should be able to say what they wanted to say, to ask questions about conflicting 
interests, side effects and what they did themselves in order to improve the situation that 
caused their problem. 
This chapter describes and analyses the actual problems of Quechua farmers in Huancarani as 
a trend, i.e. the problems to be identified must be considered as part of the past in relation to 
the present in view of the farmers' demands for a better future. The tools and methods, which 
were used in this phase of problem identification, are listed in Annex Table 1.1. 
5.1 Farmers' problems in Huancarani 
Our study on farmers' problems in Huancarani took into account the three categories of 
aggregation levels mentioned in Table 5.1 i.e. farm level, community level and regional level. 
Farmers indirectly focused on problems formulated as being negative changes in the near 
past, as proposed by Johda (1989) with, respectively: 
- of hard nature (e.g. farming practices and results) and 
- of soft nature (e.g. regional development, the agricultural knowledge network, policy 
making and access to resources). 
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TABLE S.1 Negative changes in agricultural practices in Huancarani, Bolivia 
Aggregation level Negative changes 
Farm Increased mist forest clearinq 
Increased need for irriqation water 
Decreased economic marqins for cash crops 
Reduced efficiency of pesticides and fertilisers 
Insufficient labour 
Too much cash crop production 
Decline of productivity of traditional crops 
No fallow and small rotation schemes 
Declining soil fertility 
No fodder available 
Insufficient technical assistance 
Poor husbandry manaqement 
Community Depopulation: brain and capital drain (people with money or 
experience leave) 
Low seed quality 
Donkeys appear, horses and mules disappear: declining quality 
of pasture land 
Goats replace sheep 
No restoration of original vegetation during fallow and low quality 
pasture land 
More landslides 
More individualism (higher differences between poor and rich 
farmers in Huancarani) 
Reinvestment ceases 
Regional market Decreased gene pools in the Andes: lack of local varieties and 
declined biodiversity of typical Andean crops 
Increasinq cost of external inputs 
Increased dependency on the market (knowledge, seeds, 
fertiliser and pesticides) 
Increased dependency on foreign capital (share cropping 
agreements) 
- Market trends push farmers (new varieties and crops) 
5.2 Analysis of farmers' problems 
The farmers mentioned a long list of problems, initially without any structure. From this point 
onwards farmers were invited to analyse the problems using three techniques. The first 
technique consisted of arranging the problems into cause and consequence in a three-way 
system based on the regional market, the family and the natural resources. The second 
technique consisted of an in-depth analysis of causes and consequences of land degradation in 
Huancarani. The third technique tackled the classification of problems as well as their 
importance and prioritisation. 
These problems of everyday farming are, of course, interrelated and cause and consequence 
relationships can easily be discovered. Farmers arranged their problems mentioned before in a 
three-way system model, which consisted of three elements: the Huancarani family, the 
regional market (outside world of the farming system) and the local natural resources. The 
objective to do this was, in the first place, to obtain insight information on the farmers' vision 
on the problems and, in second place, to help the farmers analyse problems and not take them 
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merely for a simple fact. If solutions are to be found for complex problems, the underlying 
causes should be tackled instead of eliminating the consequences. Figure 5.1 shows the results 
of the exercise. 
W The Regional • 
• Market I 
INPUT 
increased external imputs-X 
decreased diversity of - / 
food production / 
irrigation technology -1 
decreased genetic - I 
diversity of seeds \ 
new precocious varieties - \ 
increased share cropping - \ . 
agreements 
W. OUTPUT 
* \ - low profitability 
\ - negative exchange rates 
\ - lack of capital 
1 - increased dependency on external help 
I - migration : brain and capital drain 
• decreased possibilities for temporal 
emigration and off-farm work / t 
SA 
W The Family • 
- land creating in sub-tropical agroecozone 
- cash crop production increment 
changed herds 
- increaded land-slides 
- decreased water levels in canyons 
- decreased productivity and mayor 
production risk 
- no restoration of original vegetation 
- exhausted agricultural land 
FIGURE 5.1 Persistent negative change trends between regional market, environment 
and the farming system of small farmers 
The figure shows that the performance of the Huancarani farming system is blocked by the 
quality of the local natural resources as well as by its relationship with (dependency on) the 
regional market. Land degradation is both cause and consequence of the conventional farming 
system. Farmers are both dependent on and "exploited" by the regional market. This can be 
explained as follows. Poverty and poor market relations push farmers towards intensive 
production strategies. This leads to exhaustion of natural resources. The natural resource base 
becomes threatened. Productivity declines, resulting in poverty as well as increased 
dependency on the market (the need for more external inputs). This dependency on the market 
implies higher production costs and declining competitiveness. If farmers cannot afford 
external inputs, they must exploit the natural resources even further. So, farmers are trapped 
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by an ever decreasing quality of their surroundings. There is no beginning or end and so 
nobody can say which was first, the egg or the hen. Quechua farmers, therefore, renamed the 
three-way subsystems as being cycles of doom (cycles of underdevelopment). The regional 
market was called the cycle of exploitation (Lagos 1988), the natural resources became the 
cycle of land degradation, and the family was the cycle of poverty. In the following a closer 
look will be taken at the cycle of land degradation. 
Incas used to practice vertical integration of production between agroecozones. Farmers knew 
these original practices of intensive land use and conservation of fragile ecosystems. They 
showed good insight into what exactly happened when the problem of disintegration of 
agroecozones (within the Huancarani community as a whole) became a discussion topic. 






(from 300-3700 m.a.s.l.) 
Cross section of the community (6-7 km.) 
LH = Land hunger 
1 = forest clearing 
2 = no restoration of original vegetation 
3 = lack of irrigation water 
4 = increased land slides 
5 = dried up irrigation channels 
6 = increase of exhausted agricultural land 
7 = extensive livestock keeping 
8 = changing herd: sheep to goats 
9 = changing herd: mules and horses to donkeys 
FIGURE 5.2 Ecological impact from one production area on the other caused by land hunger 
in the grain agroecozone 
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According to the farmers, the clearing of land and forest in the "puna" and "subtropical" 
agroecozones was the beginning of disintegration. They said this was due to "land hunger", 
i.e. shortage of agricultural land in the grain agroecozone. 
Environmental degradation occurred upstream first, i.e. in the high agroecozone. The negative 
effects cascaded downhill, always increasing the extent of the damage. The subtropical 
agroecozone is affected most. This may be explained as follows. 
One of the consequences of forest clearing as well as degradation of pasture land in the high 
agroecozone is a decrease in water retention capacity. Rainfall is then converted to large and 
strong run-off and peak flows in rivers downstream. This process destroys riverbeds, causing 
landslides and eliminating irrigation water systems in the grain and subtropical agroecozones. 
Lack of irrigation water is one of the factors that forced farmers to change traditional 
intensive land use into extensive production practices, characterised by low investments in 
soil fertility and further lack of soil conservation measurements. Therefore, exhausted 
agricultural land in the subtropical agroecozone is the effect of unsustainable agricultural 
practices at the site as well as the effects of land clearing in the higher agroecozones. 
Until now, farmers had done an excellent job in identifying and analysing their problems. 
They performed problem identification themselves with the help of a set of participatory tools 
and methods. By relating causes and consequences, farmers learned from their problems. The 
result is, of course, a diverse set of answers, all important to each individual farmer (see the 
preceding list in Table 5.1). The issue is now how to attach importance to each problem. 
Judging by scores (how many times was a particular problem mentioned) may be correct but, 
on the other hand, may be biased because farmers like to echo what they have heard in their 
community and what the opinion is of the farmers' leaders, especially when questions raised 
by outsiders are at stake. They do not like to talk about their own problems, nor about their 
successes. They simply do not want to be seen as bad or unsuccessful farmers. To judge by 
what opinion leaders in the community say is not advisable either. Opinion leaders obtained 
their positions because they are skilled in expressing the general feelings of the community by 
using the right words, and also because they were once successful in negotiating with 
outsiders or just because it was their "turn". The development-aid worker needs to live in a 
community long enough in order to unravel the position of farmer leaders: 
- Are they used by the community? 
- Are they using their position for family goals? 
- Or are they speaking sincerely about their community? 
This makes priorisation of problems as put into words by farmer leaders and hence also by the 
count of the sum of the frequencies of opinions in the platform at best a questionable affair. 
Priorisation of problems 
Conway (1985a, 1985b) suggests that the importance of problems must be analysed before 
problem solving can start. If this priorisation is not done, the development worker, scientist or 
extensionist may risk a highly inefficient approach both time and finance wise. It makes no 
sense to apply the simple approach of a work agenda that starts by solving the first listed 
problem "A" and ends with problem "Z". Vereijken and Wijnands (1994) and Kabourakis 
(1996) discovered in a great number of problem identification studies that all the farms 
clustered in one community always mention the same type of problem. Conway (1985a, 
1985b) states that most of the problems that farmers encounter, irrespective of the level of 
aggregation, are modalities from some basic dimensions (essential aspects) to "construct" 
(define) each farm. For example, solving one problem may solve another problem at the same 
time, if we know that the problem mentioned first is constructed by the same basic dimension 
as the latter. But the reverse is true as well, when nobody mentions a problem with key 
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characteristics, then we must expect that the connected problems will not be solved either. For 
example, nobody is able to measure the content of a box, when only its length and width are 
known. When the student does not recognise the third dimension of the box, the problem can 
never be brought to an end. It is the task of the facilitator to identify the basic dimensions of a 
farm in a certain region, ^ o we must know whether the identified problems are part of basic 
dimensions of sustainable development. If one starts a farm innovation process on the basis of 
the most obvious dimensions only, productivity and profitability may lead to long-term 
failures. 
TABLE 5.2 Priorisation of problems of Huancarani farmers clustered according to five 
dimensions defining a family farm (Conway 1985a, 1985b). The last column 
indicates in which relation between the "cycles of underdevelopment" a 
problem dimension scored high. 
Priority Dimension "Location" of related problems* 
1 Productivity From the regional market to family farming and 
from family farminq to cropping systems 
2 Sustainability Effects of cropping systems on family farming 
3 Accessibility From the regional market to family farming and 
vice versa 
4 Autonomy Present in all relations at a low profile 
5 Profitability From family farming to the regional market 
* see also Figure 5.1 
According to Conway (1985a, 1985b) each farm has five basic dimensions: productivity, 
profitability, sustainability, accessibility and autonomy. For categorising each farmers' 
problems Conway's dimensions were used. The assignment of the problems of Huancarani 
farmers to the basic dimensions results in a set of fundamental problem clusters. We 
recapitulate them in Table 5.2. 
We started working in the L R P on the first and second problem clusters (productivity and 
sustainability), as part of learning in practice. Accessibility and autonomy were 
simultaneously addressed by facilitation of meetings and by the creation of permanent 
discussion and planning platforms. We did not follow the priorities of the table successfully. I 
preferred to follow what farmers wanted to do, which depended much on sudden questions or 
special events that demanded all their attention (Reintjes et al. 1992; Brouwers 1993). 
Unexpected questions concerned for example: weather problems, seed quality problems, 
accidents and ritual demands. The special events were among others: the visit of the only 
living ex-hacienda owner of Huancarani and the local administration of justice in a case of 
incest. 
5.3 Conclusion 
The problems of Quechua farmers are not limited to production on the farm. On the contrary, 
farmers are trapped in three interrelated cycles of underdevelopment: exploitation by the 
market, land degradation and poverty of the family. This makes clear that if solutions of 
problems at cropping system level are looked for, the continuous exploitation of the economy 
of the family farmer by the market should be broken. 
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When farm development in the subtropical agroecozone is considered, environmental 
problems in higher agroecozones should also be taken into account. From a scientific point of 
view, development should be concerned with how to attack the causes of environmental 
degradation. Therefore, it would be logical to start farm innovation in the high agroecozone in 
order to tackle the causes of land degradation. Possible solutions are: reforestation, protection 
of vulnerable ecosystems such as the mist forests and/or changed practices of livestock and 
agricultural production, all with the purpose of restoring the natural vegetation and the water 
retention capacity, thereby eliminating further erosion downstream. From a farmer's point of 
view, however, a development plan for the lowest subtropical agroecozone would be more 
interesting and effective. So, farmers and scientists do not arrive at a common view on the 
solution, although they agree on the analysis of the problems in general terms. This brings the 
discussion from the search for practical-technical solutions to the subjects 'autonomy' and 
interactive learning. 
We also know that no problem can be solved if questions related to farmers' autonomy and 
accessibility (knowledge, capital and natural resources) are not taken into account. These 
dimensions of problem identification are of another order than productivity, profitability and 
sustainability. The question is not only about what should be done in order to solve the 
identified problems. It addresses questions on how to arrive at consensus between farmers and 
development-aid workers, and how to guarantee final decision-making. Basically, autonomy 
and accessibility involve human relationships with other actors who play a role (directly or 
indirectly) in farming. Productivity, profitability and sustainability link farmers with their 
surroundings: natural resources and production fields. Therefore, at least two different 
learning processes are required to address the five dimensions of problem analysis. The 
dimensions productivity, profitability and sustainability can be addressed by ''learning in 
practice". Learning the dimensions accessibility and autonomy will only happen by adequate 
forms of "learning from practice". This problem analysis justified the L R P to continue 
facilitating both learning in practice and learning from practice. 
Being the facilitator myself, I was enthusiastic about the results reached by problem analysis. 
However, problem analysis did not indicate directly how to start farm innovation. In this 
sense it is important to remember that farmers had some difficulty in talking about their 
problems, especially in the present. Problem analysis could be biased towards analysis of the 
past and ideas for the future. When farmers were analysing their problems, on several 
occasions they showed the ability to mix what is the reality of farming today with what they 
expect from agriculture in the future. So, the final decision-making on which action to 
undertake are heavily influenced, guided and restricted by the farmers' future perspective of 
farming. Therefore, it was necessary to open the discussion on what the farmers expect from 
the future. 
In the next chapter the farmers' vision and preconditions for future farming will be developed 
and made explicit. 
Chapter 6 
Assignments for the design of learning pathways 
6.1 Designing a platform 
6.2 Criteria for success according to the Huancarani farmers 
6.3 Assignments for learning in practice 
6.4 Assignments for learning from practice 
6.5 Assignments for learning for practice 
In the preceding chapter an overview was given of the relationships between the professed 
concerns of resource-poor Huancarani farmers and the real problems behind them. One thing 
became clear: what began as a simple call for progressive empowerment of resource-poor 
farmers in a highly degraded and complex environment, turned out to become a entanglement 
of theoretical and practical issues of technical and process design. In such a situation the 
researcher in charge has to be sure that he (she) can manage the process without giving the 
farmers a sense of panic, despair or indecisiveness. 
At this stage of the process it was very important to be able to recognise the phase at which 
our work with the farmers had arrived. It was also important that farmers, being part of a 
participatory process, would feel themselves comfortable with the researchers involved. Also, 
the farmers needed to feel involved in the initial problems and the actual program activities. 
This chapter focuses on how the team took care of all this. The assignments within each of the 
respective phases that could be identified by structuring the work process, were carefully 
considered (see also Section 4.3). 
In the following, first the goals, functions, criteria and boundary conditions of the platform 
comprising both farmers and facilitators will be discussed (Section 6.1). For a summary of the 
applied methods and tools for goal setting, see Annex 1, Table 2. Subsequently, attention will 
be paid to the setting of criteria that farmers like to see if a result is to be considered 
successful (Section 6.2). 
In the following sections (Sections 3, 4 and 5) the goals, functions, criteria and boundary 
conditions for the design concerning learning in practice, learning from practice and learning 
for practice will be discussed. 
6.1 Designing a platform 
A platform of farmers can be viewed as a means by which communities learn about the 
processes in rural development, including identification, ways for testing ideas and 
implementation of agreed practices. Platforms are also a tool for encouraging an entire 
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community. Scepticism among community members and even scientists, which are mostly the 
result of disappointments experienced in the past, ruins new initiatives. Also, ideological 
predisposition of N G O S or other groups may interfere with newly started activities (Arrellano 
and Petras 1994). The role of suppliers of chemical inputs or seeds should not be 
underestimated either (Strategic Environmental Analysis by Kessler et al. 1997). These inputs 
look effective as the representatives are good at quickly convincing the knowledge-poor 
farmers with spectacular short-term effects. 
All farmers interested in the L R P were invited to take part in the platform, which was 
promoted during the frequent meetings of the farmers' union. However, not everybody was 
likely to join the platform. The quite serious situation of Huancarani caused a large number of 
people to be fatalistic, they had no trust in their future. Therefore, it was easy to predict that 
"innovators" would form the majority in the platform and that the number of participating 
women would be low. Innovators are important in a platform because they are keen on new 
experiences, willing to carry out new experiments and easily share their knowledge with 
researchers. We discovered that innovative people are rarely considered as representatives of 
their community, although many people find them interesting. Therefore, some conservative 
but highly respected people were also asked to join the platform. Although mostly older and 
resistant to change farming practice, these people also participated very actively in the 
platform. They were not there to frustrate the work of the group, but had a real interest in 
helping to develop the "best" production systems. These people tried to control, to a certain 
extent, the socio-economic and cultural impact of the activities of the L R P . 
The platform started its activities with a group of 20 to 30 people who participated regularly. 
However, all community members were informed about the activities and results by way of at 
least three meetings about the L R P during the sessions of the local farmer union meeting. In 
that way we achieved that: 
- All people were informed about the progress and could vent their opinions and 
suggestions; 
- The farmers' union supervised the L R P and decided on main issues at community level; 
- The L R P coordinated activities with the farmers' union; 
- The farmers' union (in coordination with the L R P ) informed the provincial and regional 
boards of the farmers' federation; 
- The farmers' union evaluated and supported planning and realisation of the L R P activities. 
We stimulated the involvement of those farmers who were considered to be the "wise" or the 
real representatives of the community. In the case of Huancarani, it appeared to be important 
also to have a local process leader of the platform who could combine the different characters. 
Eloy Vargas was such a person. He was not only one of them, but also a dedicated, wise, 
highly respected person and farmers-union leader. He was also an innovation-minded person 
and, moreover, a farmer himself. Together with him, we created the beginning of a decision-
making platform. We did not strive for full coverage of all interested farmers of the 
community. We just started with a small and well-chosen group of people, accepting that 
others, becoming curious or changing their minds later, could also take part of the group. This 
raised the confidence that everything was kept open, public and detached from personal 
interests. With Eloy Vargas we developed a very successful cooperation. I considered him as 
the eyes, ears and soul of the Huancarani farmers. He trusted me because of my unlimited 
energy to travel to the community, the good contacts with most farmers, participation in 
religious and agricultural rites, and because I did what I promised and respected what he said, 
even when initially I did not understand his do's and don'ts. 
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6.2 Criteria for success according to the Huancarani farmers 
The impact of development projects in resource-poor conditions may be limited, especially 
when taking the (short) duration of most projects into account. However, quick changes two 
or three years after the introduction of new production strategies also occur in resource-poor 
conditions. This is often the case when problems caused by extremely limiting factors such as 
shortage of water or phosphate, are solved successfully. The impact of agricultural research 
and development in the community is then measured by an increase in crop yields, better 
incomes or better efficiency from inputs. 
In conclusion, these obvious criteria of usually short-term development projects such as those 
mentioned before, may not be useful for "measuring" the success of our efforts. The LRP 
agreed with Jara (1994) that these criteria may be used for the evaluation of the technical 
results. But they are not useful for evaluating the success of farmers' participation or the 
success of the LRP in terms of learning processes. By their very nature, in the LRP agro-
ecological and interactive learning issues are long-term processes. 
Platform discussions showed that the Huancarani farmers do not think in the short term as 
much as we feared. Of course, they think in terms of profitability in farming. But they also 
brought up criteria of a long-term nature that were related to the economy of their community 
as well as their political and cultural affairs. 
In the following the farmers' opinions on future farming according to the consensus reached 
by the platform will be described. The farmers' perceptions were subdivided into subsystems 
as they occur in daily life i.e. political organisation, economy of family farming, nature and 
agriculture (Van Pelt 1993). 
Political organisation 
The family should remain the centre of decision-making for production as it is today. 
However, the local farmers' union should increase its control over scarce production factors 
such as irrigation water, forest and pasture land. The farmers union should also initiate and 
supervise great communal efforts in order to take advantage of certain production factors or 
services, such as road infrastructure for local markets, construction of a health post and 
schooling facilities, and reforestation of communal land. The communal dependency on these 
production and welfare factors is fully accepted. Moreover, it should be reinforced by 
traditional forms of reciprocal relationships between small groups and families, according to 
the Huancarani farmers. Communal control of scarce production factors and great 
development efforts were seen as meaningful strategies for agricultural development. 
Governmental farm development support and intervention in the market are not expected in 
view of the national neo-liberal agrarian policy and the influence of the World Bank policies. 
Farmers expressed the opinion that the local farmers' union must remain the highest authority 
to guide agricultural innovation processes. The local union should intervene in conflicts of 
interest between nature conservation and human needs. This in addition to the traditional 
political tasks of the union: (a) to represent the farmers in national political conflicts and (b) 
to remain a strong social partner for the Bolivian state, the government and private 
development institutes (NGOs). 
Economy offamily farming 
Farmers of Huancarani defined the future economic subsystem as a family-farmers' 
(campesino) economy in which they want to remain campesinos as they are today. According 
to the farmers, agriculture should continue to be the most important activity, that feeds their 
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economy. The means for production should be privately owned land for arable production and 
partly communally owned for livestock production and forest management. Temporal 
emigration, off-farm income, and non-agricultural work should remain essential parts of the 
survival strategy. 
Nature 
According to the Huancarani farmers, nature has become subordinate to economy as a result 
of the economic system. Ecological sustainability should be aimed at if the basic needs of the 
Huancarani inhabitants are to be satisfied. However, farmers also showed serious concern 
about environmental decay in their community and related effects on agricultural production. 
Therefore, they were greatly interested in strategies for protecting nature, such as rare 
vegetation and ecosystems from further degradation by giving them ecologically sound 
production functions. If this is done, erosion will be controlled and soil fertility maintained. 
Starting point for the management of already degraded land is the rehabilitation of nature as 
part of the farming system. The people themselves were keen to participate in such 
rehabilitation processes. 
Agriculture 
Farmers were interested in developing their farms and communities, and change their 
production strategies into cash-crop production. However, they could not accept that family 
food production would not be guaranteed, in view of the tradition of subsistence farming 
strategies. This can be understood as a risk-avoiding strategy against adverse climatic 
conditions for agricultural production and unstable markets. Farming should be focused on 
food crops, livestock, as well as cash crop production. Farmers showed their concern about 
the increased dependence on the market for agricultural inputs. Agriculture should maintain 
its high diversity for food crops as well as for cash crops. The increased dependence on a 
small number of cash crops was evaluated as being negative. 
Agricultural production requires intensification by means of improvement of natural 
processes in the field with locally available resources. Integration of agriculture and livestock 
production should be aimed for. 
Specialisation of agriculture based on comparative advantages for production and specific 
markets is not aimed at. Diversified agricultural production and additional income generating 
activities were proposed in order to maintain high flexibility with regard to changing 
environmental conditions and markets. 
The farmers agreed that the quantity of food production should be increased and the nutrition 
value of food improved (first production objective). They said to strive for a better variation 
in nutrition and to pay more attention to high-protein consumption. 
The second production objective referred to selling commodities at regional and departmental 
markets. The importance of sale on the market cannot be expressed in percentages of the total 
production. Production and prices fluctuate hugely between seasons. Agricultural produce is 
only put on the market when the family's food security is guaranteed (Regalsky et al. 1994). 
The income obtained from the sale of produce is destined for buying agricultural and non-
agricultural commodities which the farmers do not produce themselves (which is still part of 
the subsistence farming objective). 
Farm development criteria 
The preceding opinions were the result of some initial discussions in the platform. It appeared 
that all meetings, irrespective of the kind of subsystem in discussion, showed activity and 
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involvement and were relevant. The same occurred during the definition of development, as 
already discussed in Section 3.4. In future, this may pose the problem of too high concrete 
expectations, which could make the farmers vulnerable to disappointments later on in the 
project. Irrespective of the farmers' previous opinion on a preselected pathway to farm 
development, the L R P promoted the exercise of formulating farm development criteria in order 
to guarantee the underlying opinions and criteria to be expressed and weighted. In other 
words, although the Huancarani farmers had already heard of cactus pear and cochineal 
production, they started from their own future vision and with the help of the L R P , to fill in 
their criteria for farm development. With this knowledge the group could compare 
development pathways. 
It was essential to make the fanners constantly aware of the fact that political demands or 
requirements with regard to markets are highly dependent on outsiders. In contrast, the quality 
of biodiversity is very much dependent on what the farmers themselves want to invest in and 
around their farms. They gradually came to understand that changes and effects such as time 
saving, efficiency in debates with each other should also be considered as a positive outcome 
of their work in the platform. 
We decided to start discussions by concentrating on the "hard" side of the L R P : learning in 
practice. We suggested to the platform members to address the issues concerning production 
objectives first and then return to the criteria of community development in general. 
Farmers defined a long list of criteria (package of demands) by which their perceptions and 
objectives (as described above, including the farmers' definition of their concept of 
development) were worked out in practical preconditions for farm development. These 
criteria were further split up and accentuated by attributes. The attributes made the farmers' 
opinion more explicit, by which these became more useful for discussion, weighting and 
decision-making as well as for facilitation of farmer-guided development processes. 
Initially, about 50 criteria were formulated. The package of demands represented socio-
economic, cultural and ecological objectives for farm development, because of the farmers' 
holistic view on farming. Farmers needed several sessions to restrict the number of criteria 
and it was difficult to define precise targets or threshold values. Most indicators were defined 
in qualitative terms. Table 6.1 shows the final selection of farm development criteria and 
attributes, as defined by the farmers themselves. Related indicators are presented in Table 9.1. 
After completing the package of demands, it was suggested to continue its adaptation during 
the L R P , according to the ever-changing vision of the farmers on farm development. It was a 
learning process for them to define development criteria. The definition of criteria and 
attributes was a participatory approach, normative affair and platform specific. 
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TABLE 6.1 Farmers' development criteria and attributes in relation to farm innovation for 
Quechua farmers in Huancarani, Bolivia. The percentages indicate the relative 
value (weights) of each criteria and attribute to a total score of 100%. 
Criteria Attributes 
1 The culture of the Andes must be maintained 
20% 
Maintaining Andes crops (based on local 
knowledge and technology) 5% 
Community tasks in agricultural production 5% 
Maintained possibilities for further development-
more than one production function per crop or 
activity 10% 
2 No competition with traditional food production 
(risk avoidance strategy) 15% 
No competition with occupied agricultural land 
10% 
Minimal labour input 2.5% 
Minimal capital input 2.5% 
3 Economic efficiency 30% Increased productivity of the land 10% 
Internal rate of return is more than rate of interest 
15% 
Yearly economic result and cash flow are positive 
5% 
4 Socially just 6% Active participation of the families in the program 
6% 
5 Gender focus 4% Increased role for women in agricultural 
production and sale 4% 
6 Protection of vulnerable natural ecosystems 
10% 
No further land clearing of forests and permanent 
grassland 10% 
7 Rehabilitation of degraded land 15% Improved biodiversity at field level 5% 
Soil conservation: minimised water and soil 
losses 5% 




The assessment of the overall performance of farm development options (scenarios or 
alternatives) was based on the package of demands (see Chapter 8). The criteria did not 
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necessarily have to be equal in importance. Therefore, farmers were interested to assign a 
score of relative importance (weights) to the criteria and attributes. 
The farmers made the weight sets themselves. This was done with a priority setting of criteria 
and attributes by each of the members of the platform involved. Next, a frequency count was 
carried out followed by a final discussion, which resulted in final scores. In the Land 
Rehabilitation Program, farmers attached more importance to the economic criterion (30 
percent) and related risk avoiding production strategies (20 percent). The cultural criterion 
received 15 percent, the environmental criteria 25 percent and the social criteria 10 percent 
(see percentages in Figure 6.1). 
6.3 Assignments for learning in practice 
In the subtropical agroecozone of Huancarani 350 ha of exhausted agricultural land, 1500 ha 
of degraded pasture land and an unproductive livestock system with animals not suited for the 
situation of the high Andes can be found. In the case of a status quo of the actual farming 
practices, soil degradation will increase. Young farmers, without opportunities for schooling 
and without any change of income, have only one choice: to survive on exploitation of the 
poor natural resources. Due to extensively managed livestock, mostly in wild areas, farmers 
build up their own private living "bank account". Their design objectives for the development 
of sustainable production systems were: improvement of their livestock system, 
diversification of farm production, rehabilitation of exhausted soils, improvement of family 
income and restoration of biodiversity. 
This was the moment to help farmers learn about the relationship between what they found by 
analysing their history of land use and what they expected in the future. This exercise 
unveiled that the first concern about their future is the land rehabilitation issue. From the 
analysis they could identify five important routes that, together, bring them to their main 
problem: rehabilitation of exhausted land so that they do not need to emigrate anymore. 
The next step was to lead the farmers to operational solutions. Progressive discussions took 
place about all possible solutions. Where the first set of discussions focused on imaging a 
shared view on the problem and possible roads towards a solution, the second set of 
discussions had to focus on judgements about the solution that communal brainstorming could 
provide. It was noticeable that the "imaging-producing" phase catalysed synergy among 
platform members. They lost their "pleasure" in grumbling or their need to pretend a certain 
detachment from the problem of their neighbours. Apathy and lack of trust, the result of short-
term efforts made by charities or the result of classic positivistic types of scientific research 
were again and again serious thresholds that had to be overcome. 
Once the platform members experienced the effects of synergy, the meetings continued with 
exploring the farmers' knowledge about how they could operationalise their five objectives. 
The question then was: find (again) one or more commodities that: 
- Can be grown on exhausted soils; 
- Produce fodder; 
- Produce other commodities; 
- Improve soil life; 
- Provide opportunities for improving family incomes; 
- Enhance biodiversity. 
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The discussion brought the participants quickly to several commodities in combination with 
specific agricultural practices. One of these production systems had to be selected. Of the 
various cropping systems, cactus pear growing in combination with cochineal production was 
the most interesting. Cochineal is very precious because of the carminic acid it contains. This 
dye is much used in the food and cosmetic industry. Farmers had no problems with 
identifying cactus pear, as their sense for history made them remember the commodities of 
their fathers and grandfathers. They had already heard of the cochineal production 
experiments in other communities. But they did not understand precisely why the combination 
of cactus pear and cochineal were so profitable for the Andes, nor how to attain all their 
objectives with this production system. 
Further meetings were used to improve the farmers' understanding. For myself, it became 
important to find literature and experiences about the cactus pear. The L R P was already 
contracted by other platforms to gather data on the production of cactus pear and cochineal. A 
good deal of the information needed could easily be retrieved for the farmers in Huancarani. 
The most interesting information, however, came from the farmers themselves. Together we 
gathered all the knowledge that was needed for a common understanding of why the cactus 
could be the key to solving their problems. 
Some farmers remembered that the young cladodes (flattened stems, adapted to reduce water 
loss) of the cactus pear plant were always eaten by livestock in the dry season (Tekelenburg 
1988). This means that cladodes can also be harvested and fed to animals as complementary 
feeding when they are stabled. These cladodes are palatable and contain moisture and sugars. 
The cactus pear also produces a delicious fruit which contains sugars and vitamins and is 
much appreciated as part of the farmers' nutrition. 
Farmers observed that animals cannot enter fences of dense cactus pear, especially when 
species with large spines are planted. This means that this multipurpose plant can also be used 
for the protection of land and hence for restoration of the natural vegetation. Sufficient grasses 
and weeds can be harvested for animal feeding, at the same time improving the coverage of 
soil and soil life. 
Farmers also reported the production of cochineal on the cactus pear, the use of cladodes for 
construction purposes, clearing water, etc. 
Figure 6.1 gives an overview of the results after an intensive platform discussion. 
Cactus pear production was rediscovered as the best opportunity, being an old but very 
promising crop. The assignment of the first learning level "in practice" was to: 
- Optimise the production of cactus pear for fodder production; 
- Improve the quality of cochineal and to adapt its production to local growing conditions; 
- Find out how cochineal production affects fruit and forage production; 
- Create an optimal cropping system for the integrated cactus pear and cochineal production; 
- Insert the new production system satisfactorily into the actual farming system of the 
subtropical agroecozone of Huancarani, including the occupation of exhausted agricultural 
land. 
The design objective for livestock improvement required further specification: maintaining 
cattle weight during the dry period and manure collection for organic fertilisation of 
traditional irrigated fields in the subtropical agroecozone. 
Objectives of land conservation and land rehabilitation were addressed by the transformation 
of exhausted agricultural land into permanent farmland with increased and diversified plant 
productivity. 
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Cochineal production was identified as an important factor for increasing family incomes. In 
Peru, most cochineal is collected in wild cactus pear plants in natural bush type vegetation. It 
was the challenge of the Land Rehabilitation Program to adapt this traditional collection 
practice into integrated and sustainable farming with cactus pear plantations (Tukuypaj 
1993a). 
^ ^ " p o w e r " ^ ^ ^ 
- Medicine 
- Bee keeping 
- Decoration of hats 
Fruit 
• Consumption 
• For sale 




• Feed for pigs 
Roots 
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• Soap and shampoo 
FIGURE 6.1 Multiple uses of cactus pear 
6.4 Assignments for learning/row* practice 
The second objective of the L R P concerned empowerment of the resource-poor Huancarani 
farmers. There was no doubt that this objective had to become the ultimate outcome of the 
project. The question of learning from practice is not focused on the technical goals of the 
L R P , but is related to the learning process itself: methodology, procedures, participation and 
farmers' attitudes. It is about the position of the farmer in farm innovation processes. Were 
they able to steer a development process in an ever-changing context? And what did they do 
to improve their contribution to farm innovation? It must be clear now that learning form 
practice is not technical goal oriented but process oriented. 
The L R P , being a typical cost-effective approach to smallholder development, wanted to shift 
from the classical Farming System Research ( F R S ) trend. The new trend was to be F R S in 
combination with ideas such as empowerment and participation. Research as such got new 
names: Participatory Technology Development, Farmer Participatory Experimenting (FPE) , or 
Participatory Rural Appraisal (PRA ) . But it became clear that most of these models did not 
work in the context of the Huancarani farmers. Their poverty was too great, their apathy 
against scientific results too intense and their lack of trust in any kind of development policies 
too obvious. 
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What did the farmers themselves have to say about empowerment? It appeared that hey were 
happy with the subject as it was, but had not realised that they and only they themselves as 
well as their way of communication and decision-making were at the heart of the subject. 
In the beginning the discussions were quite unsatisfactory. There frequently was an attitude 
of: "Give us your recipe and we will do it". It was the model that they had become used to. 
For us, as facilitators, dissatisfaction and irritation arose. Having no literature, libraries, 
networks or money to contract extra specialists, we had to find out by ourselves what should 
be done. We decided to withdraw as much as possible. Meetings were held, but we always 
started with strategies, which reflected the farmers' questions, and tried to motivate their 
dedication by making them aware of the fact that their knowledge or activities had good 
chances for problem solving. After a couple of frustrating meetings, we sensed that the 
farmers did not like to be responsible for the failure of their program, so a more constructive 
attitude came into being. Some farmers began to evaluate what they had done so far. In fact, 
in their meetings they walked back on the pathway that we called "learning in practice". They 
realised that they were walking this path in two stages: 
- First, by making an analysis of the problem analysis, resulting in an image of the relation 
between causes and consequences; 
- Next, by observing the methodology of problem analysis as a cluster of separate smaller 
projects. We could propose methodological improvements and further research and 
experiments to them. 
This way of reasoning made them realise that the results from problem analysis had to be 
brought back to the aggregation level from which the initial problems had come. 
We considered this insight an important moment. The farmers began to realise that their 
activities used to stop as soon as scientists, together with them, had found some important 
solution at crop or cropping system level. 
At this stage, the assignment to design "learning from practice" became operational. We had 
to find out how the Huancarani farmers think about the best way to reach solutions, found in 
experiments, applied without excluding the complexity of the original context of the problem 
statement. 
Literature on how farmers learn from practice could not be retrieved from any agricultural 
research or technical agricultural design. We registered our observations on meta-processes 
during discussions among platform members according to Jara's (1994) systematization of the 
experience. Other approaches making use of learning processes in practice were found in 
participatory learning and action research (PLAR ) (Hamilton 1995; Lammerink 1995). The 
systematization of the experience guided the participants of a specific development process to 
learn from their own experiences and improve practice. 
Three initial questions for systematization (objective, object and angle of analysis) were put 
into direct relation to the second objective of the L R P . The objective of systematization was to 
contribute to the validation of information and processes as well as to improve practice. The 
object of systematization was the farm innovation methodology as used in the Land 
Rehabilitation Program. The technical case consisted of the development of sustainable 
farming systems based on the production of the multipurpose cactus pear and the cochineal 
scale insect, while focusing on the in-depth experience of one case study community: 
Huancarani, Ayopaya province, Cochabamba. The angles (central aspects) of systematization 
referred to the participatory levels of farmers in the platform, applied interactive approaches 
Assignments for the design of learning pathways 63 
during farm innovation processes, and the relative importance of activities for the success of 
theLRP. 
By classifying all our observations according to the four levels of complexity as mentioned 
before we, as facilitators obtained a good basis to reflect with farmers on what happened 
during the L R P team. 
The LRP methodology was analysed for farmers' learning processes. The assignments of the 
second learning level "from practice" was to: 
- Evaluate how farmer organisations were created; 
- Determine how knowledge integration took place; 
- Analyse how decision-making was carried out; 
- Determine the opinion on the relative importance of the activities of the L R P that were 
carried out; 
- Determine the opinion of the stakeholders involved about their level of participation; 
- Determine applied interaction strategies as an indicator of the quality of farmer 
participation. 
6.5 Assignments for learning/or practice 
In learning from practice, I considered farmers, being part of learning in a practice situation, 
as students who have to learn professional skills in a heuristic way. In other words: "The 
farmers must learn from their good as well as wrong decisions". During the meetings they 
even said so themselves: "We come together to learn from our successes as well as from our 
failures". Professional skills are, among others, efficient talking during meetings, dealing with 
organisations, feelings and interests, making appointments, creating new activities, getting 
people together, effective lobbying, etc. 
I wanted to evaluate how farmers learn and which attitudes play a role in platform 
discussions. I accepted that those professional skills, as part of a learning pathway, must be 
trained. So I had to distinguish the farmers' learning stages. These become visible when they 
are observed as skills of individuals or a group of individuals, all sharing one task or 
assignment. I had to observe the following: 
- When do farmers show that they are unaware of doing things wrong (tacitly unskilled); 
- When do farmers know that they make mistakes, but do not know yet how to do it better 
(consciously unskilled); 
- When do farmers think profoundly and take their time, i.e. when they are conscious in 
applying their skills (consciously skilled). 
- Farmers do not need to think carefully, because they take the right decisions automatically 
and in time (tacitly skilled). 
When learning for practice started, the context of the platform was left aside. I left the scene, 
while the L R P continued in Huancarani together with the platform and with Eloy Vargas, the 
local development worker, as facilitator. This meant that the farmers themselves did not 
discuss much about how other farmers groups could learn form their experiences and improve 
their development process. Learning for practice (high participation of farmers) is different 
from learning for practice because of a jump towards more abstract thinking. 
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The L R P methodology was further analysed for designing farmers' learning processes. The 
assignments of the Third learning level (learning for practice) were to: 
- Discover patterns of applied methodology; 
- Structure methodology in such a way that learning processes can be designed; 
- Evaluate how farmers can grow in their learning; 
- Determine elemental conditions and basic characteristics of the tool for design of learning 
processes. 
From this point onwards, I shall take a closer look at the practical outcome of the L R P . In 
Chapter 7, introductions and results of research on cactus pear and cochineal will be 
presented. This is part of learning in practice. Chapter 8 will be dedicated to the design of the 
integrated cactus pear and cochineal production system. This is also part of learning in 
practice. It must be remembered here that some information about the L R P in Chapter 2, and 
the presentation of the project site in Chapter 3, also need to be considered as part of learning 
in practice. Next, in Chapter 9, the design of the learning pathway is analysed as part of 
learning from practice. In Chapter 10 the development of a management tool for the design of 
interactive learning processes will be discussed (learning for practice). 
Chapter 7 
CactUS pear {Opuntia flcus-indica M.) and cochineal (Dactylopius 
coccus c.) production 
7.1 Cactus pear (Opuntia ficus-indica Mill.) 
7.2 Cochineal (Dactylopius coccus C.) 
7.3 Cactus pear plant productivity 
7.4 Cochineal productivity and quality 
7.5 Conclusion 
In this chapter farmers continue learning in practice. After the problem analysis phase, the 
platform introduced cactus pear and cochineal as their main focus in the experiments. Both, 
cactus pear and cochineal will be described extensively in the first two sections respectively. 
Next, two important issues needed for the design of the integrated production of cactus pear 
and cochineal, are described: cactus pear productivity and cochineal quality. These were 
studied as part of the activity agenda of the L R P . 
7.1 Cactus Pear 
Cactus pear (Opuntia ficus-indica M.) is one of the traditional pre-Columbian crops in the 
Andes. In South America, cactus pear can be found in all (semi-) arid regions of the 
Interandean valleys from Colombia to Chile. It is an important crop for peasant populations in 
marginal areas. Therefore, it is a crop for the poor. Governmental agricultural support did not 
pay much attention to this plant. Recently however, following the farmers' interest, 
development institutions discovered the importance of cactus pear for innovation of current 
farming. Bolivian research centres started to investigate, validate and promote cactus pear in 
relation to agricultural production demands at farm level. Other countries in South America, 
such as Chile, Argentina, and Brazil did the same. Now, cactus pear is one of the scientific 
items on the congress agenda in many Latin American countries. 
In 1992, a world-wide group of specialised institutes and scientists created the FAO 
International Technical Cooperation Network on Cactus Pear. The group issued joined 
publications (Barbera et al. 1995) and produced a newsletter as well as an e-mail newsletter at 
the A&M University in Texas. It also organised international congresses and workshops. All 
these actions were intended to contribute to knowledge exchange and promotion of the crop. 
66 Chapter 7 
From an ecological point of view cactus pear is a pioneer plant. The plant succeeds to grow 
on fresh volcanic soils and easily adapts to different ecological conditions. Therefore, cactus 
pear may be found from the coast to more than 3500 meter above sea level in the Andes. 
Opuntia species can also be found in all climates with 250 to more than 2000 mm 
precipitation per year or from absolute minimum temperatures of -40 °C in Canada (Nobel 
1995) to tropical zones with mean annual temperatures above 25 °C. 
These characteristics and agricultural possibilities (see Section 6.3) made the plant a popular 
species for rural populations. In very difficult climatic and remote situations of subsistence 
based farming, cactus pear appeared to be the plant that could help small-scale agriculture on 
marginal soils to survive. Cactus pear production fits perfectiy well into the farmers' risk 
avoiding strategy and crop diversity increment. Cactus pear is also useful for rehabilitation of 
exhausted soils. 
The cactus pear plant is a succulent. It survives in dry seasons because of its highly efficient 
water uptake and storage mechanism. Cacti are long-living perennials and may become 
woody (Gibson and Nobel 1986). 
Cactus pear belongs to the order of Caryophyllales (among 40 others) and the family 
Cactaceae (among eleven other families) (Nobel 1988). The cactaceae are divided into 
Pereskioideae, Opuntioideae and Cactoideae. The Opuntioideae are divided into seven genera, 
of which one is Opuntia (160 species), which consists of the Cylindriopuntia and the 
Platyopuntia (140 species). Cactus pear is classified as a Platyopuntia. The Opuntia are 
divided into several sections and series. This study focuses on the section Opuntia and series 
Opuntiae (Britton and Rose 1963; Benson 1982; Bravo 1978; Sheinvar 1995). 
Identification of the entire complex of O. ficus-indica and other cultivated Opuntia species is 
subject to investigation (Benson 1982). In Bolivia, where local taxonomic studies are not 
available, cactus pear is classified as a genotype of O. ficus-indica Mill, for both glabrous and 
spiny types. Genotypes are further classified according to fruit colour: white (or green), red, 
purple, yellow and white-pink (with almond taste). 
Cactus pear can be found in climates of many departments in Bolivia. The red and white 
almond genotypes are rare. The purple type is only cultivated to be sold on the markets of La 
Paz. The white or green cactus pear types are most widely distributed in the Departments of 
Oruro, Chuquisaca, Potosi, Tarija and La Paz. The yellow variety is cultivated more in 
Cochabamba and Santa Cruz. In addition, a large number of "wild" Opuntia species can be 
found, for example Opuntia soehrensii Br & R and Opuntia cochabambensis Cardenas 
(Cardenas 1953). These are well known for their production of a local red-purple dye, 
airampu, which is extracted from the fruit pulp. 
Production conditions 
Cactus pear is widely distributed all over the world. The plant requires the following (semi-) 
arid conditions (Sanchez 1985; Inglese 1995): 
- a pronounced dry period; 
- a relatively mild winter; no absolute temperatures below -10 °C; 
- the dry season must coincide with short day length; summer rainfall; 
- low night temperatures (10-15 °C); 
- high solar radiation; 
- moderate annual mean temperatures between 14-18 °C; 
- relative air humidity of 55 to 85 percent. 
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The soil requirements of cactus pear are not determining factors for production. They should 
be considered as general indications and not as absolute limitations. Cactus pear development 
has been found on soils with rocky underground, steep hillsides and soils low in nutrition. The 
general requirements are (Enserink 1978; Sanchez 1985; Inglese 1995): 
- light or sandy soils, not very deep, with stones and rocky underground, clay content less 
than 20%; 
- well drained and aerated soils; 
- alkaline pH; 
- chemical requirements of the soils play a less important role; 
- regular to high soil content of calcium; 
- NaCl content in soil water below 70 mol per m 3 ; 
- neither flooded (plain) areas nor high water tables in the soil (cause die off of roots and 
plants); 
- preference for foothills; taking advantage of the water run-off and microclimates 
(protection of frost damage and wind problems). 
Productivity 
The cactus pear's production potential depends on climatic conditions, soil fertility and 
irrigation. Variation in the cladode production of mature plantations is between 20 and 400 
metric tons of fresh cladodes per hectare per year (Enserink 1978; Matter 1984). At 
precipitation above 400 mm per year 30-100 metric tons of fresh cladodes can be produced in 
a natural environment. Productivity of cactus pear cultivated in special production fields may 
reach double the normal amount. Under arid conditions (150-300 mm.) cactus pear production 
reaches only 10-50 tons of fresh cladodes per hectare per year (Enserink 1978). So, even in 
dry climatic conditions cactus pear is still a very productive plant. 
In many countries of the world cactus pear became an important crop. Its fruit is well known 
and highly appreciated in all producing countries. Italy, Mexico and Israel are cactus pear 
exporting countries. Fruit production in Italy is 25 tons per ha per year (Barbera and Inglese 
1993). In Cochabamba, Bolivia, the average fruit production is 8.1 kg per mature plant. This 
works out at 6.5 tons per ha for plantations with the traditional density of 800 plants per ha 
(Tukuypaj 1993b). 
In contrast to the cactus pear fruit, the vegetable Cladode (nopalito) is not consumed world-
wide and remains a specific Mexican culinary speciality. 
Cactus pear is also cultivated for forage in order to assure emergency stock feed in times of 
drought. It is used as complementary feed to traditional pasturing and to other cultivated 
forage. This kind of production is found mainly in North African countries i.e., Brazil, 
Mexico and in the South of the U S A . 
Cactus pear also showed to be productive as a host to the scale insect cochineal, whose 
"blood" produces carminic acid as a red dye for food, cosmetics and pharmaceutics industries. 
Together, Peru and the Canary Islands produce 95 percent of the world's cochineal. 
Cactus pear has also been identified as a suitable crop for the prevention of long-term 
degradation of ecologically weak environments. Therefore, cactus pear may help to conserve 
the soil quality of marginal pastureland and regenerate (exhausted) agricultural land 
(Marroquin et al. 1964; Abraham 1981; NN 1993; Medina Acufla and De la Cruz 1985). 
In important cactus pear producing regions, such as the province of Capinota and the Valle 
Alto (the valley upstream) of Cochabamba, farmers feed their animals in the dry period with 
low rations of cactus pear as a complement to their insufficient diet from pasturing. 
Measurements of traditional cactus pear intake have not been carried out so far. 
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Because of its low crude protein content, cactus pear is always used as a complementary feed. 
Production objectives of complementary feeding with cactus pear may be maintenance of 
animal weight, growth or even lactation. When weight maintenance is the aim, cactus pear 
should be administrated unlimited, complementary to traditional pasturing or limited rations 
of high quality forage. Cattle fed with a pure cactus pear diet lag in growth, in comparison to 
animals on a maize-silage diet (Matter 1984). When pure cactus pear is given to sheep, 
growth is not expected but weight maintenance has been recorded for a very long time. Sheep 
were kept in "good condition" for 30 to 90 days. In times of emergency sheep were kept alive 
for 200 days on a diet of pure cactus pear (Enserink 1978). 
It is concluded that when forage of high quality is lacking, cactus pear can be fed to up to 30 
percent of the dry matter intake without affecting growth. Cattle can consume large quantities 
of chopped cactus pear such as 50-90 kg per day (Enserink 1978; Westphal 1984). In this 
case, the animals hardly need complementary water. A diet of 1 kg of 40 percent protein 
cotton seed cake, 0.4 kg of a balanced mineral salt mixture and 45 kg of cactus cladodes can 
provide a ration on which cattle can grow, reproduce and lactate (Felker 1995). In the L R P , the 
expected result of complementary feeding with cactus pear in the case study area Huancarani 
was weight maintenance during the dry period. 
7.2 Cochineal 
Cochineal is a species of the scale insects and is classified as Dactylopius coccus Costa. These 
insects develop specifically on Opuntia and Nopalea genera. The male insects are small white 
"flies" of no commercial value. Females in their final stages of development remain in the 
larval stage and contain an appreciable amount of carminic acid, generally between 19-24 
percent of the dry weight. Carminic acid is a chemical substance of natural origin with a wide 
range of beautiful red colours. Today the dye is of special interest to food, cosmetic and 
pharmaceutical industries because of its natural origin and its stability against oxidation, light 
and high temperatures (Kooistra 1990). Unfortunately, carminic acid is only slightly water-
soluble. 
For millennia, in the Old World, several kinds of insects were used for their dyes. One of 
these is Kermes (Kermococcus vermilis), which breeds on the kermes oak around the shores 
of the Mediterranean Sea and in parts of the Near East. Laccain acid, L A C , (Lakshadia spp.) is 
produced in India and Indochina (Thailand). The oriental kingdoms preferred purple. The 
source of this dye was the rare purpura shellfish (Murex spp. and Purpura spp.). Purpura dye 
is highly superior to any known red dye of botanical or insect origin, and is very attractive. 
Cochineal (Dactylopius coccus Costa) was mainly found in Mexico and Peru, where it was 
considered endemic. 
In the course of history, in Europe the use of red dyes changed because of the extinction of the 
Purpura shellfish and the increasing demand for red dyes in the textile industry. Purpura was 
then replaced by Kermes. When the Spaniards landed in the New World (America), they were 
astonished to find a highly developed textile and dyeing industry. The cochineal dye, 
however, remained superior to the European Kermes (Baranyovits 1978). The Spaniards 
brought cochineal to the Old World where it replaced Kermes. The Spanish were secretive 
about the origin of the new dye, which had for a long time been considered to be of botanical 
origin, such as dried fruits or seeds. 
In the nineteenth century artificial (and cheaper) dyes were developed for the expanding 
European textile industry. Peru and the Canary Islands continued cochineal production on a 
low scale. Other countries, such as Mexico, gave up growing cochineal insects. In the 
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beginning of the 1970s, the demand for cochineal rose again owing to the prohibition of some 
chemical red dyes for the food and cosmetics industries, because of their carcinogenic effects. 
Cochineal is still, but rarely, used in the textile dyeing industry for certain fine silks. Peru and 
the Canary Islands supply the demand (Fundacion Bolivia Exporta 1991). 
Origin and evolution of cochineal 
Mexico is considered the original centre of cochineal, however, without any satisfactory 
evidence. There are several species of cochineal insects. The cultivated cochineal insect is 
twice the size of wild species and takes about twice as long to complete its life cycle (Donkin 
1977). The carminic acid content of the cultivated cochineal is much higher than that of the 
wild type. Another typical difference between the cultivated and wild species is the coating of 
fine, waxy powder on the cultivated cochineal and the cotton-like tomentum on the other 
species. The wild species can be found in a much larger geographical area with different 
climates, since they are more robust and resistant. They also attack more Opuntia sp. (De 
Lotto 1974). The cultivated cochineal insect is very delicate and sensitive to adverse weather 
conditions. This is why it depends so much on people for its reproduction and survival. 
According to Santibaflez (1990), the differences between wild and cultivated species should 
be attributed solely to the gradual and prolonged process of domestication. Without the help 
of mankind, the original cochineal insect would have been extinct already. 
Taxonomic position 
The real cochineal insect (Dactylopius coccus Costa) is a scale insect (more than 6,000 
species are known) that belongs to the order of the Homoptera , suborder Sternorrhyncha, 
superfamily Coccidae (initially named Coccus) and family Dactylopiidae (Perez and 
Kosztarab 1992). It is closely related to the ill-famed mealy bug (Pseudococcus sp). Scale 
insects are one of the main pests in agriculture. 
Biological cycle 
Marin and Cisneros (1977) and Perez and Kosztarab (1992) give a complete characterisation 
of the various stages in both sexes, by means of sexual dimorphism and polymorphism in the 
initial stages. A summary of the biological cycle is presented in Figure 7.1. The development 
of the female is shown in a Box 7.1. 
Plant/insect relationships 
The species of the Dactylopiidae are plant pests. Cochineal insects can only be found on two 
genera of cacti: Opuntia and Nopalea (Perez and Kosztarab 1992). The main host plant for 
cochineal in pre-Columbian Mexico was Coccus cacti (Lineus), also known as Opuntia 
cochenillifera or Nopalea cochenillifera. Now cochineal is mainly produced on Opuntia ficus-
indica M. 
Although the cochineal insect's attack is normally weak, it must be considered as a plague. In 
Bolivia, the natural population levels of cochineal insects after artificial infestation were so 
high (when development conditions for cochineal were optimal: drought and in the shade), 
that the cactus pear plant tended to die. The requirements for optimal plant development are 
opposed to those for maximum cochineal production. When cochineal production is intended 
for a long period, a good balance must be found between cochineal production and plant 
maintenance. Cochineal productivity should be kept at optimal (not at maximum) levels. 
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FIGURE 7.1 Outline of the biological cycle of cochineal females and males 
BOX 7.1 Development of the female 
The cochineal does not lay eggs in a heap under its body, as other coccids do. The eggs hatch 
immediately upon delivery. They are oval shaped, 0.72 x 0.33 mm and brightly red. The newly bom 
first instar consists of a migratory (crawler) and settlement phase. In this phase the insect migrates 
upwards to the top of the host plant, in search of a place to settle. Attachment of the first instar occurs 
when, within two days, it inserts its stilet into the cladode to feed. The insects prefer to settle on the 
spine base or irregularities in the plants surfaces. The crawlers appear to be negatively phototactic. 
From this point onward, the insect stays at the same place until its development is complete. 
The first molt takes place 25-35 days after hatching. Within a day the insect is covered again with a 
powdery white wax that conceals the segmentation of the body. It does not display filaments or easily 
discernible characteristics. The second molt occurs 11-23 days after the first molt, and can be 
distinguished by the larger size of the insect. 
The adult female is oval shaped, reddish-brown and shiny. It measures 2.81 x 1.87 mm. In a few 
hours, it is covered with powdery white wax and excretes droplets of a viscous liquid. Fecundation 
occurs a few days after molting, after which the female increases rapidly in size, up to 6.24 x 4.71 mm. 
This period of pre-oviposition takes from 30 to 68 days. The complete mature female, in full 
ovipositjon, has a slightly darker appearance compared to virgin females, which tend to appear white. 
The complete biological cycle of the female ranges from 102 to 181 days in traditional cochineal 
production zones. The ratio between the sexes varies according to temperature, and ranges from 5 to 
20 females per male. Reproduction without fecundation has not been recorded. The female produces 
on average 425 eggs. Mature females detached from the cladode also release eggs for about 15 days 
if they are kept in the shade and at moderate temperatures. 
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It is assumed that cactus pear is the specific host plant for cochineal insects and that the 
immobile insects are perfectly adapted to their single food and water source, the fluid of the 
plant. But cochineal does not necessarily obtain all its food from the host plant. As most 
Homopteras do, carmine cochineal insects possibly have a symbiotic relationship with micro-
organisms to complete their diet (Southwood 1973). It is doubtful that cochineal insects, like 
the majority of plant consuming insects, have a surplus diet (Southwood 1973). The 
precarious feeding relationship between insect and host plant must be considered especially 
when the nutrient levels and physiological aspects of the host plant are altered. 
Cochineal insects do not attach themselves to very turgid cladodes (Tekelenburg 1995a). 
Previous dehydration of cladodes guarantees a much higher crawler settlement. The first 
Bolivian cochineal growers suggested that the high turgescence of the cladode does not allow 
cochineal insects to penetrate the stylets. Apparently, the interior pressure of the cladodes' 
liquid content is too high. This is confirmed by Southwood (1973), who stated that most 
sucking and sap feeding insects that feed on liquid from the phloem vessels of the plant are 
conditioned to suck under positive liquid pressure. The pharyngal muscles must therefore 
serve more as a selective constricting "tap" than as a "pump". High internal liquid pressure 
may damage this tap. 
Production conditions 
The production conditions for cochineal insects can be subdivided into abiotic (climatic) and 
biotic (host plant) factors. The abiotic factors are temperature, solar radiation, precipitation 
and relative humidity of the air. The biotic factors of cactus pear concern variety, turgidity, 
age, plant disease incidence and nutritional state of the cladode. 
Temperatures and solar radiation 
The cochineal insect thrives in most of the regions where cactus pear is produced. 
Temperatures during the day are optimal in the range from 24 to 28 °C (Flores and 
Tekelenburg 1995). The differences between day and night temperatures (up to 20 °C) do not 
have a negative effect on cochineal production. High temperatures, which exceed the mean 
daily temperature of 25 °C, accelerate the life cycle (until egg releasing) from 95 to 72 days. 
This result was obtained by a comparative experiment on the biological cycles of cochineal 
insects between altitudes from 3000 meters above sea level in the Cochabamba Interandean 
valleys and the tropical lowland of Santa Cruz (at 600 meter), carried out by PITC (The 
National Cactus Pear and Cochineal Research Project). 
In the migrant stage, crawlers have the opportunity to look for the best growing conditions. 
From then on the cochineal insect does not move anymore. During the migratory stage a 
settlement preference is observed for shade or the least sunny places on the cladode and with 
maximum protection against rain and wind. The joints are mostly well populated on one side. 
In Bolivia cochineal populations are mostly found on cladodes facing east, south-east and 
south. 
Precipitation and relative humidity of the air 
Cochineal develops best without any precipitation. A shower generally washes the first 
instars, both crawlers and settled ones. This causes up to 98 percent of instar mortality in 
Bolivia. Due to heavy rainfall or hail, the complete population including all insect stages may 
be damaged. Adult females appear to be affected also by a simple shower. In such cases, the 
wax that protects the insects, is washed away. The Land Rehabilitation team observed that 
washing of wax causes lengthening of the biologic cycle. 
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Cactus pear infested with cochineal insects requires a higher water uptake for plant 
maintenance. However, cochineal production is only of interest when the yearly precipitation 
does not exceed 800 mm in combination with low rain intensity and a short yearly distribution 
pattern (Sanchez 1985). A long drought period is needed for optimal cochineal production. In 
regions where heavy rainfall or hail is common, cochineal production is not recommended. 
Cochineal requires dry air for optimal development (results of research on cochineal 
production in sheds by PITC ) . High relative humidity levels (> 90 percent) over a long period, 
accompanied by low temperatures, result in a prolonged pre-oviposition period. Adequate 
relative humidity of the air ranges from 45 to 85 percent (Tekelenburg 1995a). 
Biotic factors of the host plant 
Opuntia flcus-indica appears to be a good host plant in semi-arid zones. In Bolivia, the white 
variety of O. ficus-indica shows greater susceptibility (receptiveness) to the cochineal insect, 
and provides higher cochineal production per kg green weight (cladodes) in comparison to the 
yellow variety (Tekelenburg and Ortuflo 1992). Unfortunately, cladode production of white 
cactus pear per hectare is lower than that of the yellow genotype. This means that the yellow 
genotype produces the highest amount of cochineal per hectare. 
To avoid damage to the pharyngal muscle of the insect, the level of cladode turgidity should 
not be at its maximum. Cladodes that appeared to be in optimal condition to produce 
cochineal, namely thick, heavy, dark green cladodes showed less settlement of crawlers 
(Tekelenburg 1995a). The practical recommendations are (1) cactus pear should not be 
irrigated or fertilised with nitrogen just before cochineal infestation, and (2) the cactus should 
not be infested soon after a long period of rainfall (when the water content if the cladodes is at 
its highest). 
Maximum cochineal production is obtained with cladodes between one and two years old. 
This means that production is determined by the number of new cladodes and not by the total 
number of cladodes per plant. Eighty-nine percent of the infestation occurs on one-year old 
cladodes, Ten percent takes place on two-year old cladodes and less than one percent on the 
older parts of the plant (Marin and Cisneros 1983). In addition, farmers confirmed that 
crawlers do not settle on immature, 3-7 months old cladodes. 
Drought, low fertility levels of the soil and plant diseases may cause deficiencies in the 
insect's diet. Under such conditions cochineal insects cannot develop normally, especially 
when the crawler populations are large. Two cactus pear diseases (scab and blisters) and 
another scale insect have a negative impact on cochineal production. The production of 
cochineal decreases when the cladode surface is affected. When disease incidence is high (25-
50 percent of the surface), the general health state of the cladode becomes affected to such an 
extent that cochineal does not develop at all (personal observation). 
In the same way the nutritional state of the cladode is related to cochineal production. Yellow 
coloured cladodes are seldom infested with cochineal insects. Production loss in relation to 
disease incidence and nutritional state of the cladode were not quantified in the L R P studies. 
Cochineal insect infestation 
Natural infestation between plants is slow. It takes more than four years in the Central Valley 
of Cochabamba to cover a cactus pear garden of less than 0.25 ha following the natural 
cochineal insect infestation process. The cochineal insect is an almost immobile and non-
aggressive invader and needs the help of people to expand. Once the insect is on the plant, the 
plant is generally covered entirely witibin a year and a half (in three generations) by natural 
infestation. 
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Therefore, special techniques were developed for infestation of cochineal insects on new 
plants (artificial infestation). When hail or heavy rain damages a cochineal insect population, 
these techniques are also carried out on already infested plants in order to increase insect 
densities. There are two proven methods to transport mature female cochineal insects to the 
plants to be inoculated; (1) with infested cladodes; and (2) with small bags made of tulle or 
another gauze or netting material containing an optimal number (about 20) of mature female 
insects. 
Harvest 
The harvest of cochineal insects consists of selecting mature females only. Small and 
immature cochineal insects have a lower carrninic acid content and should not be mixed with 
mature females. Therefore, farmers have invented/adapted specific local harvest techniques. 
These consist of brushes made of local roots, wooden sticks or spoons. Care needs to be taken 
when handling the larvae as these are full of red liquid, and can easily break open. Harvesting 
is a very laborious job, since the insects have to be harvested one by one. Farmers (women 
and children) have developed the skill to do this work, but they cannot harvest more than 10 
kg fresh cochineal per day in plantations with well-populated cochineal insect colonies. 
Generally, 3 kg of fresh cochineal per day is harvested in the first year (at low cochineal 
insect density) and 4.8 kg per day from the second year onward. Next, the cochineal should be 
properly dried in order to prevent putrefaction. 
In Peru, production technology differs according to capital input and climatic conditions on 
the site. Cochineal insect collection on wild cactus pear populations can be found in the 
Andes valleys. This contrasts with cactus pear plantations in the Ayacucho (desert) valley that 
are planted especially for cochineal production and have a high plant density (5.000 to 20.000 
plants per hectare). In order to produce cochineal in the interandean valleys of Cochabamba, a 
production technology was developed through adaptation and validation of the Peruvian 
technology. 
In traditionally managed production systems, cochineal yields are low. The yield from a 
cactus pear stand as part of natural scrub, based on 800 plants per hectare, ranges from 21.5 to 
33.3 kg first quality dry cochineal (Sanchez 1985). When cactus pear is managed in special 
production fields, based on 2500 plants per hectare, the yields are increased to 125-208 kg 
cochineal per hectare per year. 
In Bolivia, the first yields of cochineal production were promising. From each plant between 
250 and 400 fresh cochineal insects were harvested. However, farmers observed that 
cochineal yields declined after two production years. Farmers wanted to control this 
phenomenon. They began to look for a stable cochineal production system in combination 
with maintenance of the plant and additional production of other cactus pear uses, such as 
fruit and forage. Therefore, a maximum cochineal production was not aimed at and a rest 
period was proposed for the host plant after cochineal production. During this rest period the 
cactus pear plant was rejuvenated. It was, therefore, recommended to prune the plant 
periodically and stop cochineal production in order to allow the plant a recovery period. 
7.3 Cactus pear plant productivity 
In the case study area plant growth was recorded in more than 50 percent of the recently 
planted fields. Thousands of plants were evaluated during a period of five years. Each family 
wanted to count cladode and fruit budding and production on their own fields. They compared 
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growth and production data between them at three points in time: September (early spring 
budding), December (late spring budding) and March (summer budding). It was found that the 
cactus pear plants did not produce cladodes in all three budding periods. Generally, two 
cladode flushes could be observed in one growing season if enough rain was available to start 
the first budding in September. When there was no intermediate drought stress until the rainy 
season, then a second flush occurred from January to March. With a second cladode flush in 
the previous year, the cladodes were too immature to bud in the early spring of the next 
season (although precipitation was adequate). These plants started budding in late spring. 
With late spring budding the second flush did not occur. This information formed the basis for 
the local production curve from planting to year 5. From then onwards plant growth was 
estimated with the help of growth data recorded in older plantations. 
Without irrigation plant growth was slow and showed strong variation per year. During the 
years 1991-92 and 1992-93 precipitation levels in November and December were adequate. 
On average, three new cladodes per plant were obtained in newly planted fields. In years of 
drought (1993-94), plant growth stopped at 0.5 cladodes in the first growing season. The plant 
budding percentage ranged from 37 percent of the plants in years of low precipitation to 147 
percent in seasons with good rains. In the latter case, plants produced two budding periods 
within one growing season. 
In the second growing season production was between four and six cladodes per plant. The 
cladode production increased to 8.5 cladodes per plant in the third growing season, 10.5 in the 
fourth and 14.5 in the fifth year. However, on average, in total 27 cladodes per plant were 
reached after five growing seasons. This is lower than the sum of annual growth and indicates 
the number of cladodes that were pruned during plant development, with the objective of 
plant structure adjustment or removal of diseased parts. 
One-year old cladodes weigh from 0.8 to 1.5 kg with an average of 1 kg. Cladodes can reach a 
final weight of 1.5 kg in three years, except for the main frame of the plant, the cladodes of 
which reach over 4 kg (these are generally not pruned, nor adequate for forage). An average 
cladode weight of 1 kg was used for calculations of forage production. 
Five years after planting the cactus pear plantations in Huancarani produced 40 metric tons of 
fresh cladodes per ha per year, with a density of 2500 plants per ha, in rain-fed conditions. 
Irrigated fields produced more than 100 tons per ha per year. Irrigated fields (planted in the 
first planting campaign in 1989) reached 85 cladodes per plant in five growing seasons. 
Irrigation consisted of watering once or twice in the early spring budding period of August 
and September each year. 
Fruit production 
In Huancarani, fruit production was recorded for nearly all newly planted cactus pear fields 
(more than 25 fields and 1000 plants recorded) as well as for the only two 25 years old cactus 
pear fields (40 plants recorded). Fruit production on old plants was 47 fruits on average i.e. 
5.9 kg fruit per plant. This worked out as 11.75 tons of fruit per hectare (2000 plants per ha in 
special fruit orchards), if cochineal is not produced simultaneously. 
In new plantations, fruit production started already in the second year after planting (0.25 
fruits per plant on average = 50 kg per hectare). Farmers observed that only 5 percent of the 
plants carry fruits in the year after planting. These plants did not show cladode budding. 
Production increased slowly to 3000 kg of cactus pear fruit in year 6. 
Forage production 
On new plantations with an integrated production objective, it took six to seven years before 
forage could be harvested systematically. Cladodes were pruned in the first years of growth, 
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but the quantities did not reach high enough levels for cattle feeding. However, in the period 
of the first five years after planting, 2.9 tons of fresh cladodes per hectare were pruned i.e. 53 
percent of the produced cladodes in this five-year period. Cattle feeding may start earlier if 
only forage production is projected. 
7.4 Cochineal productivity and quality 
Cochineal production factors 
After having introduced the cochineal insect in Section 7.2, in this section the results of basic 
and applied research by the Land Rehabilitation Project will be discussed. The production 
factors of cochineal can be divided into abiotic (climatic) and biotic (host plant) factors. Here, 
the abiotic factors are temperature, solar radiation, precipitation and relative humidity of the 
air. The biotic factors of cactus pear concern variety, turgidity, age, plant disease incidence 
and the nutritional state of the cladodes. 
Cochineal production in the field 
In traditionally managed production systems the cochineal insect yields are low. The annual 
cochineal yield on a wild cactus pear stand as part of natural scrub, based on 800 plants per 
hectare, ranges from 21.5 to 33.3 kg first quality dry cochineal (Sanchez 1985). When cactus 
pear is managed in special production fields, based on 2500 plants per hectare, yields may 
increase 5 to 8 times. 
Production levels, which were initially calculated for the Cochabamba Department, can also 
be reached in Huancarani, because of the good climatic conditions for cochineal production 
and the relatively high cactus pear growth. However, the first artificial infestations with 
cochineal were partly damaged by strong winds. Therefore, cochineal production is estimated 
lower in the first year of infestation. Natural infestations did not suffer from wind to the same 
extent. It was also observed that cochineal production in Huancarani leads to greater damage 
of the host plants than in other provinces. 
In Bolivia, the first yields of cochineal production were promising. Farmers observed that the 
cochineal yields declined after two production years. Therefore, the Cactus pear and 
Cochineal Research Project started a study on production strategies based on methods of fast 
cochineal insect infestation and short periods of high (but not maximum) cochineal insect 
production. 
In the first year, two cochineal harvests were obtained by applying 20 g of mature females 
divided over seven small tulle bags per plant. The first harvest, after three months, was 
between 15 and 25 g fresh cochineal, the second harvest (7-8 month after infestation) was 
between 45 and 75 g fresh cochineal per plant. This meant that the average production per 
year was between 40 and 67 kg dry and first class cochineal per hectare in the first year of 
infestation. In Huancarani cochineal production reached on average 95 g per plant in the first 
year on 25-year-old plants. 
Because the production levels could not be maintained, production rhythms had to be 
established, which varied according to local conditions. Three to five years of continuous 
cochineal production are projected, depending on plant size, vigour and nutritional state, soil 
quality and precipitation. The highest production rhythm for small farmers was reached by 
PITC technology; a production cycle of five years with 110, 130, 130, 100 and 0 kg dry 
cochineal per year (based on a cochineal production objective only). With a more traditional 
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technology, a production rhythm of 50, 110, 130, and 0 kg was obtained (for the Huancarani 
case) considering a multipurpose cactus pear production objective. 
The average yearly production of cochineal insects with P I T C technology for small farmers is 
119 kg per ha per year. The moderate production scenario for the Huancarani region resulted 
in 60 kg per ha per year. 
Cochineal production in sheds 
In order to prevent strong cochineal instar washing by rain or detachment by wind, protection 
techniques were developed. These were already practised by indigenous people of Mexico 
before and during the cochineal boom of the Spanish colonial period. Cut-off cladodes were 
placed in closed environments (sheds) to produce cochineal without climatic disturbance 
(Santibaflez 1990; Portillo andZamarripa 1992). 
The P I T C project and the Land Rehabilitation Program in Huancarani promoted the 
multipurpose use of cactus pear and its integration into the conventional farming system by 
which the development of cochineal production, separated from fruit and cladode production, 
would be an interesting option (Tekelenburg 1995a). In that way, competition between cactus 
pear fruit, forage and cochineal production could be avoided. The technology for cochineal 
production in sheds was developed for both medium-sized enterprises and small farmer 
production. 
Several sheds, mainly constructed from locally available material, were tested. Cladodes were 
placed on separate wooden shelving units, and planted in nursery beds. However, productivity 
remained below expectation, in spite of the apparently favourable climatic conditions and the 
highest production levels on isolated cladodes ever seen. The white variety of the O. ficus-
indica gave the best results: 15.1 g fresh cochineal per kg cladode, while the yellow variety 
produced 10.4 g fresh cochineal per kg cladode. The quality of the dried cochineal did not 
exceed 20 percent carminic acid and had to be sold as second quality. Cochineal production in 
sheds was, therefore, not recommended. 
Cochineal quality 
The quality standards for cochineal had not been changed for a long time. The Institute for 
Technical Research and Technical Norms (ITINTEC ) in Peru set the regulations for cochineal 
quality for the internal and external market ( I T I N T E C 1987). Since 1985, however, the first 
class quality requirements of dry cochineal were raised from 17.5-19 percent carminic acid 
( C A ) to 20-21 percent C A (Fundaci6n Bolivia Exporta 1991). A preference market exists for 
cochineal of higher quality i.e. 22-23 percent C A . The water content of the dry cochineal must 
not exceed the maximum of 7 percent and the product must be clean, free of heavy metal 
contamination, and suitably packed. 
Cochineal quality depends on production conditions and management practices in the field as 
well as on harvest and post-harvest management. The effects of several environmental and 
agricultural production factors in the field on cochineal quality were studied during the P I T C 
research project. These factors were agroecological zones (from 700 to 2800 meters above sea 
level m.a.s.l.), harvest season, adaptation to local climatic conditions, cactus pear variety and 
influence of shade. 
Different altitudes (m.a.s.l.) resulted in a range of four percent carminic acid. The underlying 
cause is the difference of environmental temperature that influences the length of the 
biological cycle. In the tropical lowland of Santa Cruz, a short biological cycle of the 
cochineal was recorded (71 days) and low cochineal quality. This means that rapid growth 
affects cochineal quality in a negative way. The other factors did not have any major effect (a 
maximum difference of two percent of carminic acid between treatments). Statistical 
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differences between treatments where not found for environmental and agricultural 
production factors except for the length of the biological cycle. 
Cochineal production was successfully adapted in several provinces of Bolivia. Cochineal 
quality ranged from 18 to 24 percent C A . Often the reasons for these differences could not 
only be explained by the earlier mentioned environmental and agricultural factors. In Peru, 
without knowing insect age, size and quality, farmers collect mature as well as immature 
cochineal insects (Bustamante 1985), which could be the main reason for low cochineal 
quality. 
From literature, it was suggested that the final quality of the cochineal could be influenced by 
post-harvest techniques. Post-harvest management consists of killing the cochineal insect, 
drying, cleaning of the product, and classification by size. The killing and drying processes 
are not always clearly distinguished (Arias 1988; Bustamante 1985). Full oviposition of the 
female insect was considered negative (Montes de Oca 1985). According to Arias (1988) 
three negative factors lower the quality of the cochineal: solar radiation, high temperatures 
and chemical agents. 
The following hypothesis was formulated from literature: adequate post-harvest management 
(techniques) results in higher and more stable cochineal quality than improvement of 
production conditions in the field. Therefore, P I T C started research on cochineal quality in 
relation to post-harvest management (Tekelenburg 1995b). The objective of this study was to 
identify (a)biotic factors that guarantee high and stable cochineal quality. 
The following variables were studied: 
• Degree of oviposition 
Female insects were allowed to deposit eggs for periods of 2, 9, 15, and 24 days, The 
quality after killing and drying was measured and recorded. 
• Temperatures during drying (20, 30, 40 and 50 °C) 
• Solar radiation during drying 
The treatments received the following quantities of light: 434.2, 326.3,277.4,154.3,102.6, 
70.7, 44.6 and 0 W per m' of average solar radiation. The specific radiation levels were 
obtained by covering trays (filled with cochineal) with different sizes of black mesh. 
• Cochineal insect size 
Five samples were obtained by using three meshes: slightly larger than 7; between 7 and 
10; between 10 and 14 ; smaller than 14; and an unsifted sample. 
The mesh sizes were: 
- mesh 7: 49 (7 x 7) holes per square inch; 
- mesh 10: 100 (10 x 10) holes per square inch; 
- mesh 14: 196 (14 x 14) holes per square inch. 
Results of experimental research 
The oviposition degree appeared to be the key to high cochineal quality. Quality increased 
with an increase in the number of oviposition days (Figure 7.2). Immediately after the harvest 
(without any oviposition) cochineal quality was low but increased rapidly within a week of 
oviposition and was levelled and nearly constant after 20 days. The quality curve can be 
explained best by the similar curve (on the timetable) for total number of eggs and crawlers 
born (Marin and Cisneros 1977). When more eggs were released, the cochineal insects were 
of higher quality. To guarantee a cochineal quality of 22 percent C A , at least 12 oviposition 
days are recommended. 
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Days 
FIGURE 7.2 The effect of oviposition on cochineal quality (percentage of carminic acid) 
During the drying process, temperature and solar radiation did not have an effect on quality. 
Cochineal drying can therefore be carried out in the sun as well as in drying ovens. Solar 
dryers with moderate temperatures (50-60 °C) can also be used. The non-purified dye in 
cochineal insects appeared to be as stable to heating and solar radiation as the chemical 
extract of carminic acid (Branen et al. 1990). 
A large sample of freshly harvested cochineal was put in the shade, by which a large 
oviposition period was obtained. All sub-samples showed, therefore, relatively high qualities. 
This sample was classified by size through sifting with meshes 7, 10 and 14. Five portions, 
including the original sample, were thus obtained. Carminic acid content and final weight of 
the sample and sifted portions were evaluated (Table 7.1). 
TABLE 7.1 Quality and relative weight of a dry cochineal portion classified by size (sifted 
with meshes 7,10, and 14) 
MESH NUMBER RELATIVE WEIGHT (%) CARMINIC ACID (%) 
ABOVE 7 13 24.4 
7- 10 57 26.0 
10-14 10 26.0 
UNDER 14 20 9.1 
UNSIFTED SAMPLE 100 22.4 
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The quality of dried cochineal varies according to size. As shown in Table 7.1, the largest 
insects (above mesh number 7) did not have the highest carminic acid content. This can be 
explained by a higher percentage of large but immature insects in the portion. These insects 
already contained eggs but did not release them. They could maintain the largest cochineal 
size because they did not loose extra weight by oviposition. The highest cochineal quality was 
obtained between meshes 7 and 14. These consisted of mature insects, which had lost extra 
weight and size because of egg releasing. The quality of the small insects that passed mesh 14 
dropped to 9.1 percent carminic acid. Eighty percent of the unsifted sample was first-class 
cochineal for export. This study confirmed that cochineal must be sifted with mesh 14 before 
selling. 
The farmers analysed these results, which were obtained under laboratory conditions at the 
Cochabamba State University. They translated the results into post-harvest management 
practices. Before any final conclusion could be drawn, different practices needed to be tested 
on-farm. The treatments consisted of combinations of killing methods with mesh numbers for 
sifting. The latter experiments were part of adapted research, which tried to improve the 
effectiveness of agricultural practices. 
TABLE 7.2 Effect of killing methods on cochineal quality (percentage carminic acid) 
Killing method Characteristics Quality (%CA) 
Shade 25 days, 20 0 C 26.04 
Refrigeration 3 days, 8 ° C 24.89 
Immersion in hexane 10 minutes, 20 0 C 22.05 
Suffocation in plastic bag 2 days, 4 0 0 C 21.38 
Sunlight 3 days, 25-30 ° C 21.33 
Heat shock 3 hours, 75 ° C 21.12 
Warm, nearly boiling water 2 minutes, 90 ° C 20.75 
Spraying with gasoline 5 minutes, 20 ° C 20.39 
Suffocation in steam 5 minutes, 90 ° C 20.24 
Freezing 3 days, -10° C 18.18 
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Ten ways of killing cochineal insects were studied. Killing is needed to guarantee rapid 
drying and to avoid putrefaction. The cochineal quality (expressed in percentages of carrninic 
acid) differed according to the effectiveness of the killing method. Two treatments (shade and 
refrigeration) were unsuccessful in killing the cochineal insects. They resulted in high 
oviposition and thus high quality levels. The obtained range of almost 8 percent C A between 
treatments reconfirmed that the practice of killing cochineal insects is not an interesting 
practice when highest quality is looked for. Natural death in the shade resulted in 26.04 
percent C A , while the frozen cochineal contained only 18.18 C A , which is 30 percent less than 
the optimum result (see Table 7.2). Spraying with hexane is accepted, because it does not 
contaminate the natural product. The use of gasoline is not permitted. 
The final dry weights of the samples were compared with cochineal quality (obtained using 
the various killing methods). Bad killing methods such as shade and refrigeration showed low 
final weights, because the small eggs were sifted out in the procedure for first class cochineal. 
When these non-killing methods are applied, thirty percent more fresh cochineal is needed in 
order to reach the same final weight of first class cochineal. 
Cochineal size below mesh 14 showed a cochineal quality of below 10% carrninic acid. So, 
cochineal classification by size is required. Two classification moments can be determined: 
(1) classification carried out before drying (to sift out immature insects) and (2) after drying 
(to sift out released eggs). The final result of the on-farm experiments was a general recom-
mendation. In order to obtain minimum quality standards for export (21 percent C A ) post-
harvest management techniques must conform to the following steps: 
- Selected collection of mature females during harvest; 
- Manual cleaning of major impurities; 
- Optional sifting before drying the cochineal with mesh 10 (100 holes per square inch); 
- Storage of ovipositing cochineal insects in the shade, at low load densities, for at least 12 
days; 
- Rapid drying in solar dryers (200 micron agrofilm plastic foil or in the sun); 
- Second sifting after drying with mesh 14 (196 holes per square inch); 
- Final check for impurities; 
- Storage in bags made of jute or other plant fibers. 
These practical recommendations were developed by and for the farmers of the Andean 
valleys in Bolivia. The technology does not require large investment. Local materials may be 
used for infrastructure to store cochineal insects in sheds while releasing eggs, to dry 
cochineal in the sun, and to protect it from rain, dust and damage by animals during post-
harvest management. 
Post-harvest management must be considered as the major factor for obtaining good quality 
cochineal. Export quality standards can be met with appropriate handling. Even higher 
qualities can be obtained if desired by the market. Unfortunately, increase in quality also 
results in considerable weight loss. A system of market pricing based on quality and 
calculated to account for the accompanying weight loss, is required. 
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7.5 Conclusions 
Farmers highly appreciated being involved in on-farm research. They observed growth, 
diseases and cochineal infestation. They could also follow Huancarani experiments on 
cochineal production under protected conditions. Directly after having presented the results, 
the obtained differences between farmers and between communities were discussed. Farmers 
became conscious of the fact that cactus pear and cochineal insects can grow very well in 
their community and that gave the platform more confidence to continue. The creativity of the 
farmers was stimulated by the research. By themselves they defined new research studies in 
order to complement their lack of knowledge. 
However, final decision-making was not improved by the research results. Farmers observed 
that their knowledge, although very important, was highly fragmented and did not provide an 
overview on the integrated cactus pear and cochineal production. They required methodology 
in which all their knowledge can be integrated into one production system. From such a 
production system the output could then be assessed. 
In the next chapter the development of the design of a satisfactory cactus pear and cochineal 
production system will be presented, which will be integrated into actual farming in the sub-
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8.5 Conclusion 
The farmers in Huancarani carried out research in order to improve their knowledge of all 
relevant aspects of cactus and cochineal production. The previous chapter showed that 
scientists were contracted to do laboratory research and that farmers themselves carried out 
on-farm research. Many important production techniques were discovered. However, these 
discoveries were the result of isolated research trials. Farmers needed to put together new 
knowledge into an integrated production system. 
This chapter deals with the development process and final results of the design of a 
satisfactory cactus pear and cochineal production system in which the results of research are 
integrated. Such a design may then be evaluated for development criteria and eventually 
contribute to the process of final decision-making. 
In the following, first, production will be assessed and labour requirements calculated. Both 
production and labour will be integrated into a cost-benefit model, which then will be 
optimised. Finally, the design will be presented that appeared to be the most satisfactory 
according to the Huancarani farmers. 
8.1 Assessment of plant and insect production 
Cactus pear production 
The projection of integrated production of cochineal, fruit and forage production started with 
an estimation of cactus pear growth. The production of these three main uses of cactus pear 
cannot be calculated individually. Cochineal production seriously affects other produce. 
Therefore, an integrated production scenario was looked for, based on optimal (instead of 
maximum) production of cochineal, forage and fruit as well as a production rotation scheme 
at field level (with the aim of sustainability). 
Figure 8.1 shows the cactus pear plant size from planting to year 13 (13 years were needed in 
order to calculate profit against investments: Internal Rate of Return). Recording growth and 
calculating the average growth for the first five years after planting was carried out by the 
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LRP. From year 6 onward plant growth was adjusted because of forage production as well as 
rejuvenation pruning, as both fruit and cochineal production exhaust the production of 
cladodes. From the fifth year onwards cochineal production was planned. Especially after a 
period of high cochineal production, a general pruning is required in order to rejuvenate the 
plant and reactivate plant growth (at the end of year 7). Pruning was planned for after three 
years of cochineal harvest. The best period for pruning is before the start of the rainy season. 
The next pruning is planned for year 11 and so on. 
year 
FIGURE 8.1 Cactus pear plant size in Huancarani 
Fruit production increases in the first years and than decrease again as a consequence of 
cochineal production and severe pruning. The plant-recovering period allows a new fruit 
production period. When fruit is combined with cochineal production, the mean yearly fruit 
production will be 750 kg fresh fruit per hectare on average. 
From year 7 the average yearly cladode production for cattle feeding was calculated at 3.12 
tons dry weight per hectare (15.6 kg fresh cladodes per plant and 2000 plants per ha) (see 
Figure 8.2). 
The rejuvenate pruning produces almost three times more forage than a normal production 
year. Farmers do not like such a high fluctuating production rhythm because of possible 
problems of labour shortage. Therefore, farmers looked for a strategy to stabilise cladode 
production in the course of years. It was proposed to divide the plantation into three or four 
areas and implement a pruning rotation scheme. 
In addition to cactus pear cladodes, undergrowth of the natural vegetation became available 
for forage. On average, the projected forage production on 75 ha of cactus pear plantations 
was 138 tons of Total Digestible Nutrients ( T D N ) per year. It was composed of 234 tons of dry 
weight cactus pear cladodes (59 % T D N ; N N 1976) and 60 tons of dry weight natural 
vegetation of poor quality ( T D N = 35 %; N N 1976). 
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30 
FIGURE 8.2 Cactus pear forage production on cactus pear fields of Huancarani (1 ha) 
Cochineal production 
Cochineal production cannot be maintained over many years. This means that production 
should be limited to the period of cactus pear plant growth, as well as to that of the planned 
fruit and forage production. 
year 
FIGURE 8.3 Projection of yearly cochineal production for Huancarani 
(kg dry and first class cochineal per hectare) 
For Huancarani, a four-year production rhythm of 50, 110, 130 and 0 kg of dry and first class 
cochineal per year per hectare was proposed. This was a small adaptation to the prototype 
design of the Cochabamba integrated cactus pear production system. The maximum 
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production level of 130 kg per hectare (PITC projection for the Cochabamba region) could be 
maintained, but the length of the production rhythm was shortened from five to four years. 
After a production cycle of cochineal, the cactus pear plant requires a recovery period of one 
and a half year (including two rainy seasons) before cochineal can be infested again. Such a 
production rhythm has one strong negative side effect: it results in a high variation in 
production and requires labour and family income. This means that the proposed rotation 
scheme of three years for forage production is also essential for stabilising cochineal yields 
over the years. With this rotation scheme, cochineal production ranges between 53 and 91 kg 
per year (see Figure 8.3). 
Calculations for cattle feeding 
In order to complete the data for scenario optimisation, further modelling of cattle production 
was required. Because local data were not available, calculations were based on assumptions 
found in literature. 
In the short rainy season cactus pear cannot be fed to cattle. When, in the dry period, other 
palatable forage is not available, cactus pear feeding is an interesting option. We estimated a 
period of maximum 270 days for complementary feeding with cactus pear (the length of the 
dry season). Further calculations were based on this period. The specific farmers' objective for 
feeding cactus pear in addition to free pasturing in the subtropical agroecozone was 
maintenance of animal weight during the dry period. 
For a period of 270 days and for 702 cows living in the zone, 611 tons of T D N (Total 
Digestible Nutrients) were needed, based on the theoretical energy requirement for 
maintenance (Em). The energy demand to maintain the total number of animals was obtained 
by: 
• Multiplication of the number of cows in the zone by the average weight of the animals 
(300 kg); 
• The energy needed for maintenance per kg weight (32 g per kg); 
• A correction factor for activity (1.4: free pasturing on land with steep slopes and long 
distances to watering places). The formula is then: 
Requirement of daily T D N = number of cows * Em * cattle weight * Activity Index. 
(Oomen and Veluw 1994). 
The quantity of forage produced on 75 ha of cactus pear (138 tons T D N ) consisted of 23 
percent of the required T D N for the maintenance of 702 cows during the defined period. 
The total quantity of crude protein (CP) required for cattle maintenance in the defined period 
is 76.4 tons. This is calculated as follows: 
Tm (maintenance) = 5.6 g C P kg"1 cattle weight * cattle weight0 7 5 
(Oomen and Veluw 1994). 
The cactus pear fields produce 234 tons of cladodes (2 percent protein of dry weight; 
cochineal production decreases protein content) and 60 tons of natural vegetation (8% protein 
of dry weight). The total quantity of produced crude protein is 9.5 tons C P . This means that 
cactus pear fields produce 12% of the required crude protein for cattle in the dry period. 
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Cattle production 
Farmers themselves estimated the (very low) production of cattle at that time as ten cows per 
year from 100 animals grazing in the subtropical agroecozone. Under the actual grazing 
conditions cattle lose weight in the dry period. It is assumed that cactus pear forage is given as 
a complement to pasturing and that cattle maintain the traditional uptake from degraded 
pasturelands when cactus pear is fed. When the daily diet is not optimal, and this is the case in 
Huancarani, cactus pear forage cannot substitute grazing (Enserink 1978). Therefore, 138 tons 
TON of the cactus pear fields can be considered as extra forage that contributes to weight 
maintenance (prevention of negative growth). Data on seasonal forage uptake on degraded 
pastureland in relation to cattle growth are not available. Therefore, cattle maintenance must 
be estimated by the extra uptake of cactus pear forage. 
The energy requirement for maintenance of one animal in the dry season is between 3500 and 
4500 (3765) kg for a five-year period. This was calculated by a yearly increasing Em (28-32 g 
TON per kg) and a weight gain of about 50 kg per year. When the total quantity of TON 
required for cattle growth is included, 625 kg TON (250 kg growth * 2.5 kg TON on average 
per kg growth), the total energy requirement for the production of one cow does not exceed 5 
tons TON per cow. 
The yearly TON production of 75 ha cactus pear (138 tons of cladodes and natural vegetation) 
can therefore feed at least 25 cows until fit for slaughter. 
8.2 People involved 
One of the most important constraints in the production of cochineal has to do with the 
economic welfare level of the rural inhabitants. Successful cochineal production needs the 
supply of cheap labour. At present, cochineal is definitely not "red gold" as it was in pre-
Columbian times and during Spanish colonisation. Today, cochineal is produced in marginal 
regions, where other opportunities for agricultural production or other income generating 
activities are lacking. 
Cochineal insect production requires high labour input. Especially harvesting is a laborious 
job, as mature insects have to be collected one by one. During the rainy summer cochineal 
reproduction is low and cochineal is generally not harvested between January and March. In 
the dry season cochineal is harvested at least once a month. The major harvests take place in 
April, July-August and November. 
In Bolivia, women farmers are traditionally responsible for cactus pear fruit production and 
sale. The marketing of cactus pear fruit and exchange for other agricultural produce sustain 
the household from December to March. Another traditional task for women is the care of 
sheep and goats and thus, the management of the forage stock. Management of cochineal 
harvest and sale in the project area will be the responsibility of women as it has always been 
in traditional production zones in Peru. The women organise the harvest and include children 
in peak times. 
Cochineal production may have an impact on the labour availability for traditional agriculture 
as well as on the division of labour between men and women. The success of cochineal 
production depends on the availability of women. Therefore, cochineal (Who must be 
trained?), as well as production and sale (Who will work?) are gender sensitive issues. 
88 Chapter 8 
The cactus pear and cochineal research project ( P I T C ) and the N G O T U K U Y P A J decided to study 
the compatibility of cochineal introduction with traditional labour by women (Rodriguez and 
Schoute 1992). Two communities were compared: one that had recently introduced the 
production of cactus pear and another that was a traditional cactus pear fruit production zone 
where the fruit was grown for the market. Cochineal was introduced in both communities. 
Men dominated the infestation activity of the L R P as training for growing the new crop was 
highly directed at them. Women were not adequately informed about the new crop. However, 
in the new cactus pear production zone women farmers showed their curiosity. After four 
years, the women organised production, harvested cochineal and sold it in the provincial 
town. In contrast, the women from traditional cactus pear fruit production zones were opposed 
to cochineal production, because it competed with their traditional fruit sale and forage 
management. 
When the men did not take care of their cochineal harvest, cactus pear plantation "suffered" 
from the "plague", while the women began to show an interest in the crop, mostly in order to 
protect traditional fruit production. The women emphasised the need for new cactus pear 
fields in order to avoid competition between fruit and cochineal production. 
The buying up of cochineal should be organised as close to the homestead as possible, i.e. 
preferably at a nearby weekly market. It was concluded that women should be further 
activated to participate in training, production and selling and that specific attention should be 
given to any restrictions to women participation. Since women make longer working days 
than men, have children, look after their family and carry out daily livestock husbandry tasks, 
it was unlikely that they would be able to take care of cochineal production at a scale of more 
than 0,5 ha per family. 
Labour requirements 
The integrated cactus pear and cochineal production requires labour for planting, replanting 
drop out, maintenance and protection of the field, harvest of fruits, management of cladodes, 
cochineal infestation and harvest, and once every four years a severe cactus pear pruning. 
Maintenance practices in the field consist of cutting spiny brush, weeding some root 
propagated weeds, repair of field protection, digging plant infiltration basins and plant 
protection activities. Management of cladodes consists of pruning plants for stimulation of 
upward growth and for harvesting forage. As already discussed earlier in this section (plant 
and insect productivity), production is rotated and activities are realised in part of the field. 
Table 8.1 shows a summary of the activities in a 13-year period. 
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TABLE 8.1 Production activities in one hectare of cactus pear and cochineal production for 
a 13-year period. The section of the field that needs to be worked is indicated 
with percentage of planted area. 
(%) 
Years 1 2 3 4 5 6 7 8 9 10 11 12 13 
Installation 100 
Planting fall out 100 
Maintenance 100 100 100 100 100 100 100 100 100 100 100 100 
Fruit harvest 100 100 100 100 100 67 33 67 67 67 33 67 
Cladode 
production 
100 100 100 100 67 33 67 67 67 33 67 
Cochineal 
infestation 
33 33 33 33 33 33 33 
Cochineal harvest 33 67 100 67 67 67 100 67 67 
Severe pruning 33 33 33 33 33 33 
Cactus pear production does not require high labour input, except for planting. The LRP 
calculated that 80 working days per hectare are required for the planting year. These and the 
following data were obtained from case study measurements in five experimental fields of 
trained and skilled farmers. Labour in the first year includes cleaning (eight days) and 
protecting the field (26 days), preparation of the soil (16 days), transport of cladodes (six 
days), planting (ten days), soil conservation measurements, for example water infiltration 
basins per plant (ten days) and plant protection (four days). 
In the second year labour requirement drops to 13 working days per hectare for cactus pear 
maintenance. This consists of weeding (seven days), plant protection i.e., pruning of infested 
cladodes and destroying ants (three days), field protection (one day) and replanting drop out 
(two days). Collection of 50 kg cactus pear fruit needs less than one working day. 
From the third year onward, harvests require one working day for each 100 kg of fruit. The 
cladode harvest of plants for forage needs one and a half day per 1000 kg. 
In year 5 cochineal infestations can be started. It was recommended to infest initially one third 
of the field. Infestation requires 15 working days per ha. When the cochineal harvest starts, 
the labour requirement increases rapidly. An average of 4.8 kg fresh cochineal can be 
collected per day when infestation levels are good. With adequate post-harvest management 
one kg dry, first quality dry cochineal is obtained from three kg fresh cochineal. In the first 
production year (with low infestation levels) only one kilogram of dry cochineal can be 
harvested per day. 
After three years of cochineal production, the cactus pear plants are pruned. Pruning takes 24 
working days per hectare. From praning, a large quantity of forage is obtained. This makes 
pnining the essential part of forage collection. 
90 Chapter 8 
8.3 Design of the integrated cactus pear productions 
Production scenarios for an integrated cactus pear and cochineal production system were 
built. Some important variables were projected or assessed with formulas from literature, 
while others were discovered by own research of the L R P (see previous sections). Scenario 
building did not immediately result in the one and only "best" production system. Systems 
were proposed using a different technology according to the different production conditions 
(quality of natural resources) and because of access to capital and production technology 
(socio-economic welfare level of farmers). 
It could not be known beforehand how production scenarios would score on pre-established 
evaluation parameters (farm innovation criteria). Therefore screening was needed to find the 
optimal production technology. 
In the first place, production conditions and technology were defined. Among the most 
important aspects, the following should be mentioned: 
- Quality of land; 
- Labour availability; 
- Access to capital; 
- Plant density and juvenile stage of cactus pear; 
- Cochineal infestation method; 
- Cochineal rotation scheme; 
- Level and kind of investments; 
- Multipurpose use of cactus pear; 
- Estimated cochineal quality, etc. 
The cactus pear and cochineal research project ( P I T C ) defined three basic scenarios for 
production conditions of campesino farms and three for middle and large agricultural 
enterprises. That resulted in large differences in technology (See Table 8.2). 
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In relation to campesino production, traditional management (0.5 ha) and a medium 
technology package for cochineal growing (1 ha) was considered. Traditional management 
was further subdivided into a case with 1000 m 3 old cactus pear garden and an other without 
grown-up cactus pear gardens. 
For agricultural enterprises two types were designed based on 30 ha of cochineal growing, 
one without mechanisation. A third scenario for "medium" enterprises was formulated with 14 
ha of high-density plantations and cochineal growing on isolated cladodes in sheds. 
When the technology was defined, specific production rhythms were calculated for cactus 
pear: forage, fruit and cochineal harvests. Productivity levels of cochineal were calculated for 
the six technology packages (see Table 8.3). 
TABLE 8.3: Cochineal productivity compared for six technology packages of cactus pear 
and cochineal production systems (for definition of packages, see Table 7.2) 




























58 49 119 137 137 253 
The next step consisted of determination of the labour requirements (and production costs) 
projected for the next 13 years. The following activities were included: 
- Planting of cactus pear fields; 
- Maintenance of the plots; 
- Replantation / densification of the cactus pear plantation; 
- Cochineal infestation; 
- Cochineal harvest and post-harvest management; 
- Fruit harvest and forage collection; 
- Pruning for rejuvenation. 
Total and yearly requirements of labour for each of the six production systems were 
calculated (see Table 8.4). 
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TABLE 8.4 Labour requirements compared for six technology packages of cactus pear 
























years 586 727 1784 53.395 58.635 44.481 
Mean per 
year 45 56 137 4.107 4.510 3.422 
Mean per 




0,50 0,51 0,67 0,86 0,77 0,88 
Labour investment in resource-poor farmer production systems is relatively low. These 
investments must be low in order to avoid competition from traditional agricultural produce 
for family consumption. However, labour efficiency is also low. That makes it difficult for the 
campesino producers to compete with agricultural enterprises. These large enterprises are 
faced by another problem though: how to guarantee the required cheap labour force in the 
area. 
When labour calculations were finished and costs calculated, the income could be estimated. 
Table 8.5 shows some economic and financial variables calculated for the six scenarios. 
Technology based on low investments presented high internal rates of return and low break 
even points (production costs of one kg cochineal). 
TABLE 8.5 Comparison of economic and financial variables of 6 technology packages (see 
for descriptions table 8.2) of cactus pear ad cochineal production systems. 























2,414 2,145 8,156 146,500 82,000 156,500 
Total labour 13 








634 648 1424 516 472 731 
IRR (%) 41 53 60 7 9 5 
Break even 
point for price of 
cochineal 
(ma) 
5.86 5.38 4.48 13.72 15.51 14.97 
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The Huancarani scenario 
The Huancarani scenario needed further adaptation to the presented technology packages. 
This adaptation resulted in an average labour requirement of 104 working days per year per 
hectare. The labour input was much higher than in other scenarios, because of the integrated 
production focus. The yearly labour requirements for one hectare of integrated cactus pear 
production in Huancarani increases rapidly when cochineal is produced. Between 130 and 160 
working days are required for optimal cactus pear and cochineal production. This number is 
generally not available at family level. Therefore, PITC (Fundaciôn Bolivia Exporta 1992) 
recommended producing cochineal to a maximum of 0.5 hectare per family. 
For the Huancarani scenario, cochineal production was projected to be higher than traditional 
technology but lower when using PITC technology. 73 kg first class dry cochineal per hectare 
was projected for the case study area. However, the labour input of each of the farmer-
campesino scenarios, prepared by the PITC project, remained still too high and investment 
levels had to be lowered for the Huancarani case. 
An external investment of 1332 US $ was needed for a 13-year period of one hectare of cactus 
pear and cochineal production. The Huancarani production scenario is nearly 30% cheaper 
(less external investment) than the lowest investment of the other initial six scenarios of the 
PITC project. Huancarani farmers emphasised the low budget and low risk strategies. The 
external capital requirements will be less than 20 dollars in most of the years, except for the 
first year, when investments of 440 dollars for cactus pear planting, 295 and 191 dollar for 
cochineal infestation in year 5 and 13 respectively, and 298 dollar for building a night stable 
for cattle in the seventh year are required. 
Income depends strongly on the market prices of cactus pear fruit, export prices of cochineal 
and the estimated value of cladodes for forage. The average price of cactus pear fruit was 
calculated at 0.05 U S $ per kg (7-9 fruits). During the research period, 1991-1994, export 
prices of cochineal were among the lowest paid in the last 20 years i.e. 12 dollars per dry kg, 
first quality. In 1995, cochineal prices reached 30 dollar per kg but, according to important 
cochineal exporters, this situation was not likely to last long (Fundaciôn Bolivia Exporta 1991 
and a personal comment of Antonio Bustamante in November 1995). A cost/benefit analysis 
was, therefore carried out at the minimum price of 10 dollars. Fortunately, Bustamante was 
wrong. Cochineal was sold at high prices for a relatively long period making a great economic 
impact. 
The value of cactus pear forage was calculated in relation to the average price of cattle (150 
us $) in relation to the total quantity of forage consumed by cattle. On one hectare in a 7-year 
period (year 7 to 13) 8.35 tons of TON of cactus pear may be produced. One cow needs five 
tons of TON. For this period the total cattle production on one hectare will then be 1.67 cows. 
According to the low prices of cattle the value of one ton of fresh cactus pear forage should be 
less than one dollar. 
Fruit production was included in the economic calculations from the second year, cochineal 
production from the fifth year and forage production from the seventh year. For a period of 13 
years, the income from one hectare integrated cactus pear and cochineal production was 
estimated at 592 dollars for fruit production, 218 dollars for forage and 5985 dollars for 
cochineal. Figure 8.4 shows the yearly gross income and the total costs, which include labour 
at 1.56 dollars per day. 
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1100-
years 
—•—Total gross income —•— Total cost (+labour) 
FIGURE 8.4 Gross income and total costs of integrated cactus pear and cochineal 
production, Huancarani, Bolivia 
A cost-benefit analysis of the integrated cactus pear and cochineal production was carried out 
for a 13-year period and included fruit, forage and cochineal production. For the Huancarani 
case, cash flow turned positive from year 6, when cochineal production compensated the 
investments of that year. In year 7 earnings reached the level to repay the initially invested 
money. From year 7 the cash flow was between 434 and 779 us $ per hectare. The Internal 
Rate of Return ( I R R ) was 21 percent, the Benefit Cost Ratio 1.52 (Present Net Value 8 
percent). 
The cost/benefit analysis was carried out based on three main assumptions: (1) that production 
levels were properly estimated, (2) that the production costs of 1992-1993 would not change, 
and (3) that the prices of produce would remain stable. However, such assumptions are 
subject to market uncertainties, especially in the case of cochineal. As mentioned earlier, the 
cochineal price was at its lowest during the Land Rehabilitation Program (1989-1994) but 
increased in 1995 to the second highest level ever paid. When productivity, production costs 
or the export price of cochineal were to change, the Internal Rate of Return (IRR) may become 
lower than the rate of interest. 
In order to assess the safety margins of the cochineal production, an economic sensibility 
analysis was carried out on the earlier mentioned three parameters. It calculated the Internal 
Rate of Return for each combination of parameters. Production levels with an increment and a 
reduction of 20 percent were analysed. In the same way, production costs were increased and 
reduced by 20 percent. The range of cochineal prices to be calculated was established at 
between 5 and 30 us $ (see Figure 8.5). 
This analysis showed that cochineal production is profitable from 7 to 8 dollars per kg 
cochineal paid to the farmers. In the case of a 20% reduction of cochineal production, it still 
remains profitable ( I R R = 19%) when the minimum cochineal price is 15 dollars. When the 
production costs are increased by 20%, an I R R of 2 1 % is reached with a niinimum price of 15 
dollars per kg cochineal. 
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cochineal prices (US $) 
FIGURE 8.5 Economical sensibility analysis for production levels, costs and cochineal 
prices (IRR) 
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* Sources for chemical analysis: cactus pear forage, Enserink 1978; NAS 1976; cactus pear fruit, 
Enserink 1978; cochineal, Ney 1967; natural vegetation, NAS 1976. 
** Calculated from protein content. Proteins require nitrogen (16 % of dry weight) (Nobel 1988). 
*** The values for manure were obtained from unpublished data of local NGOS. The P value is 
considered to be unreliably high (personal communication from E. Smaling). 
**** Between quotation marks means a net substraction of nutrients. 
The K content of cochineal could not be found in literature. 
NPK net input-output test 
The cactus pear and cochineal production scenario was evaluated for the net nutrient flows of 
Nitrogen, Phosphorus and Potassium (NPK). It focused on nutrient flows (at cropping system 
level) that were caused by farmers. Other nutrient flows, such as weathering, run-off, erosion, 
etc., were not known at local or regional level. The output flows consisted of fruit, forage, 
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natural vegetation and cochineal while the only input flow was manure. Table 8.6 shows the 
calculations. 
From the cactus pear fields 7.5 kg nitrogen per hectare and 24 kg per ha potassium are 
extracted every year, while 10 kg per ha phosphorus is added to the soil. If the quantity of 
dung were to be doubled, substraction would change into a net input of nutrients. Farmers 
decided to maintain the original low manure input, accepting substraction of nitrogen and 
potassium. Emphasis was put on fertilisation of traditional production fields in the first years. 
Farmers did not want to manure cactus pear plantations sufficiently, until cochineal would 
produce a stable net income and the manure investment would be paid back each year. 
When different technologies are to be compared, calculations on one hectare are best. 
However, for the situation in Huancarani, a community design of the total quantity of 
involved hectares was also required. In the case of the Land Rehabilitation Program in 
Huancarani, the subtropical agroecozone aggregation level of analysis was selected in which 
75 hectares of cactus pear were planned. 
8.4 The layout of the production scenario 
In the final design of cactus pear and cochineal production in the tropical agroecozone of 
Huancarani, plant production is guaranteed by the diversity of crops introduced, by multi-
purpose use of cactus pear and moreover by the selection of plant species with drought 
resistance. In comparison to the original position of exhausted and overstocked agricultural 
land, the total biomass production per hectare will increase. 
At cactus pear level, the only important biotic factor of selection is the genotype so that it was 
the only designing criterion at plant level. Physiological aspects of the plant, such as the 
special energy metabolism, efficient water use of roots and cladodes among other 
characteristics of the plant were mtrinsic parts of the cactus pear genotype. 
Genotypes were evaluated for adaptation to the local soil conditions and the climate of 
Huancarani as well as for the performance in relation to specific production objectives 
(combined cochineal, fruit and forage production). The yellow and glabrous genotype was 
selected for all production purposes in the subtropical agroecozone (2000-2600 m.a.s.l.). The 
white (green) and glabrous genotype was selected for fruit production in the grain 
agroecozone (2600-2800 m.a.s.l.). A third cactus pear, the spiny yellow genotype, was planted 
around cactus pear fields as a living fence for protection against cattle damage in the future. 
The main designing factor at crop level was plant density. Plant densities varied from 1660 to 
2500 plants per ha, in relation to soil quality and production objectives. Production fields for 
forage were planted with a niinimum of 2000 cactus pear plants per ha. 
At field level (cropping system level), the cactus pear and cochineal production scenario 
included other plants such as weeds, shrubs, woody and fruit trees. These elements were not 
spread with a fixed arrangement of plants, except for cactus pear. Cactus pear was generally 
planted at distances of 2 to 3 meters between rows and 2 meters between plants. A special 
planting scheme was made for the other species in relation to growth conditions on the site 
(niches: with special soil, vegetation and micro-climatic conditions in parts of the field). In 
other words, planting of additional woody and fruit species depended on production 
opportunities in the fields. 
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Following Mollison's (1990) recommendations for farm design, each element of the cactus 
pear and cochineal production system contributed to its performance with many production 
functions (see Table 8.7). 
TABLE 8.7 Production and regulation functions of the cactus pear and cochineal scenario. 
Design components and 
agricultural practices 
Functions 
Cactus pear - Rapid and efficient water uptake and storage when first 
rains occur 
- Soil conservation by shallow rooting and special rain roots 
characteristics 
- Multi-purpose use: fruit, forage and cochineal production 
- Diversified food consumption and income 
- Continued production in times of drought 
- Protection against germinating grasses and weeds 
Cochineal - Income diversifying produce 
Woody trees - Leaked nutrient transport from deeper layers 
- Dust, water and sediment caption from outside the field 
- Decreased water run-off 
- Increment of biodiversity 
- Shelter opportunities for wild fauna 
Fruit trees - Diversified production, by use of protection and specific micro 
climatic production conditions (optimal use of niches) 
- Increment of bio-diversity 
- Family consumption and income 
Natural vegetation of 
grasses and weeds 
- Increased soil cover 
- Prolonged water availability in topsoil 
- Improved soil life by natural mulch layer 
- Improved soil structure and water infiltration 
- Protection of shallow root system of cactus pear 
- Dust, water and sediment caption from outside the field 




- Higher water infiltration, decreased water run-off 
- Prolonged water availability for cactus pear and fruit trees 
Protection of the field - No uncontrolled cattle feeding of cactus pear 
- No soil compacting by cattle 
- Regeneration of the natural vegetation 
Other agricultural practices: 
weeding 
- No competition between cactus pear and grasses close to the 
base of cactus pear in the first years after planting 
Impact of the "final" layout 
The layout of the cactus pear and cochineal scenario was integrated in the traditional 
production of the subtropical agroecozone. Cactus pear cladodes and natural vegetation 
produce forage for complementary cattle feeding. Fruit for family consumption and 
eventually for selling is also produced. Four and a half tons of first class cochineal are 
produced yearly, which contribute to the family income (see Figure 8.6). The layout is 
constructed at agroecozone level because of the important links with natural resources and 
production systems outside the cactus pear fields. 
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patato, fruit and 
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FIGURE 8.6 Layout of the cactus pear and cochineal production scenario for Huancarani. 
Livestock production is the centre of internal redistribution between production subsystems. 
Cactus pear plantations deliver 300 tons of dry weight forage for cattle. Degraded pastureland 
produces a minimum of 1281 tons dry weight forage. 
Manure is collected in night stables close to the cactus pear fields. It contributes to the soil 
fertility of both cactus pear production and conventionally irrigated fields. Traditional 
fertilisation levels are maintained for the irrigated gardens. Nutrient cycles at agroecozone 
level are improved, although not closed, until cochineal is produced. 
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The integrated cactus pear and cochineal scenario foresees increased livestock production. 
When maintenance of cattle weight is reached during the dry period, these animals will be fit 
for slaughter earlier. Per year seventy cows can be selected for sale without a complementary 
forage gift. The cactus pear forage results in at least a production of 0.33 cows per hectare per 
year. This means that the cattle production can be increased with 25 cows, i.e. from 70 to 95 
cows per year due to complementary cactus pear forage feeding. The average cash income 
from livestock increases with 36%. 
Cactus pear fruit and cochineal are new income generating crops. Up to ten tons of fruit can 
be sold from 75 ha of cactus pear. Per year the total cochineal production in the community 
will be 4.5 tons on average from the infestation year. In addition, the productivity levels of 
conventional crops in the irrigated gardens are expected to stabilise when these fields are 
fertilised with manure collected in the night stables. 
The production of cactus pear and cochineal goes together with an increase in input of labour 
and capital. It has already been discussed earlier (presentation of the subtropical agroecozone) 
that labour requirements in livestock production are low (about 15 working days per family 
year). The convential production on irrigated fields requires a relatively high labour input: 
120 working days per hectare per year for potato, other tubers and vegetables. The total labour 
input in the subtropical agroecozone is minimal 6500 working days and that without the 
implementation of the cactus pear scenario. Per year the cactus pear and cochineal production 
system requires 7771 (the average of 13 years of production) working days on 75 ha. It is 
concluded that the proposed cactus pear and cochineal production double the labour input in 
the subtropical agroecozone. Such a labour demand needs integrated family labour input. 
Capital investment in the subtropical agroecozone is traditionally low. Vaccination, injury 
cure and castration are carried out by farmers. The total costs are generally less than $ 10 per 
cow in a life cycle. Investments on irrigated gardens is about $ 50 per ha. Therefore, the 
yearly capital investment at agroecozone level is traditionally below $ 3750. The cactus pear 
and cochineal production of 75 ha requires a yearly capital investment of $ 7685 for the first 
13 years. Application of the production design makes the capital investment in the subtropical 
agroecozone three times higher than current investments. Since families do not have capital 
reserves of that order, financial support (by NGOs) was required in order to invest in cactus 
pear, cochineal, as well as livestock production. 
8.5 Conclusions 
Farmers were fascinated by discussing the several production scenarios and to build up the 
final layout of the integrated cactus pear and cochineal production system. For them it was 
like a puzzle. Bits and pieces of knowledge were brought together in production scenarios in 
which all kinds of components and functions received their place. The cactus pear and 
cochineal design was the final result of learning in practice. It showed "what" was learned. 
The previous two chapters did not show "how" farmers learned. This is the process side of 
farm innovation. We called it learning from practice. The next chapter will present the design 
of the learning pathway that was followed for learning in practice. The platform building and 
organisation of farmers will be analysed and a methodology will be reviewed that made it 
possible to improve decision-making. 
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9.6 Conclusions 
In this chapter a meta-study will be presented about what happened during discussions 
between the resource-poor farmers of Huancarani and development workers. An attempt will 
be made to register what can hardly be registered. 
The second aim of the LRP can be translated into three strategies: 
- To let farmers experience that they are capable of finding their own way towards 
development as long as they are skilled in communication; 
- To register how farmers deal with what they have learned from their own activities and 
from others; 
- To return the new insight to them as a tool for working with development workers and/or 
scientists in an interdependent way. 
9.1 The scene and observation of the discussion 
Discussions on the activity agenda and applied methodology of the LRP took place regularly 
among 10 to 25 farmers from Huancarani and sometimes with the entire assembly of the 
farmers union (over a hundred families present). These discussions were planned immediately 
after having finished an activity or a method, as a kind of evaluation of the action with the 
purpose to redesign planning and make decisions for further action. These sessions also 
worked out as events to strengthen motivation and confidence. Complementary to the 
discussions on a specific subject, two or three times per year, general meetings for evaluation 
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and planning were held, in which all relevant mid-term results were discussed and activities 
compared and planned again. These meetings were strategically planned i.e. before the 
planting season of cactus pear, during the growing season and at the end of the growing 
season. So, we counted on more than 25 specific methodology evaluation meetings and eleven 
general meetings in five years. 
Eloy Vargas, the local development worker, led the discussions. He prepared the meetings 
with some colleagues and me beforehand. I attended most of the specific meetings and 
participated in the discussions by raising clarifying questions. The atmosphere and aim of the 
meetings changed during the realisation of the L R P . We started with five general meetings, 
just to let farmers feel that they were coming together for their own sake, not for that of the 
donor. General issues were discussed and information was given to the farmers when they 
asked for it. These meetings resulted in planning a working agenda on the basis of what the 
farmers considered relevant to them. They came up quite easily with the following issues: 
- to analyse their problems; 
- to know about new opportunities for farming; 
- to experiment with new crops; 
- to get some insight into the future impact of changes on actual farming. 
While listening, I made my own observations by simple registration of who had said what. 
Beforehand we had taken into account that a certain percentage of the farmers would be 
reluctant and sceptical. They seemed to think: "Here we go again without results". But, 
because of the good group spirit and participatory focus of the meetings, farmers changed 
their attitude from scepticism to positive criticism and prudence. The farmers were eager to 
learn, although their enthusiasm was not the same for all kinds of activities and methods that 
were put forward and this was clearly expressed. Other methods were proposed and 
incorporated into the activity agenda. This made the subjects of the meetings concrete enough 
to give the farmers a feeling of "this is about my farm and my skills". After a short period none 
of them seemed to have any problems with acting as an unskilled farmer. They were all at 
about the same level and could contribute to the discussions as they could tell a little about 
what their family experienced on the discussed subjects. Gradually, they all experienced that 
the platform was an important device for creating common knowledge and solidarity. The 
platform had to become their school, their institution for learning about how to observe, 
integrate observations and design management decisions. At the same time it was the place 
where they felt strong enough to invite outside support and where external information could 
be discussed without having anything to do with power or social class. 
9.2 Institutionalisation of the platform 
Farmers attendance at the meetings was excellent. There was always sufficient time for the 
social aspects of the getting together. For the facilitator, such "free moments" were perfect for 
getting some insight into what lives among the farmers. Meetings were also planned in 
coordination with other events so that the farmers' participation became quite high. Additional 
unexpected events were taken up to analyse and discuss aspects of every day life of the 
farmers, but also to obtain insight into the farmers' worldviews and their organisations. If 
necessary, individual problems concerning the process were always discussed separately at 
other moments and outside the meetings. Especially Eloy Vargas went up to farmers and 
discussed any problems they might have privately. 
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The meetings gradually became important learning platforms for research and decision-
making. Excursions, experimentation and demonstrations were highly appreciated. The on-
farm experimental plots and, later on, the production fields that were planted, almost took on 
the function of "a laboratory for students". Finally, the farmers' meetings took on the 
characteristics of an institutionalised organisation. Farmers decided among others that: 
- They were part of a decision-making team; 
- Their joint decisions in the platform should give direction to farmers' individual 
management decisions inside their own farms; 
- The information should be open to everybody in the community and had to be 
communicated; 
- New activities had to be discussed in the platform at first, in order to prevent disturbing 
interference with other activities. 
The Huancarani platform of the LRP participated actively in the regional and national 
organisations of cactus pear and cochineal producers. In that way Eloy Vargas, the facilitator 
of Huancarani and some farmer leaders were able to show their results to other platforms and 
received feedback from other communities. At the same time, Huancarani farmers were 
updated constantly about production perspectives, commercial aspects of cochineal sale, 
national project funding and support as well as national farmers' organisational affairs. For 
Huancarani, participation in the cactus pear and cochineal organisation became the most 
important strategy for confidence and perseverance. 
The platform of the Huancarani farmers also participated in the LRP national research project 
on cactus pear and cochineal (PITC). In those days, many scientists came to visit Huancarani, 
as they were interested in the agricultural experiments and the local growing of cactus pear 
and cochineal. Farmers discussed the results in their own community in relation to those on 
other production sites. They became up to date with research and the impact of calculations. 
Huancarani became an important example of farmer participation in adapting the cactus pear 
and cochineal prototype production system to local production conditions and local 
campesino objectives. Because of its success, the farmers' representatives of the Huancarani 
platform were invited to participate in regional and national workshops and seminars on 
technology, cost benefit calculations and the impact of cactus pear and cochineal production. 
The PITC research project operated as a think tank based on exchange of experiences and 
guided research. 
I considered institutionalisation of the meetings of Huancarani farmers as a good sign of the 
progress farmers were making in achieving the second goal of the LRP. 
The platform made it possible for farmers to interact with outsiders and to learn continuously 
and interdependently. Several examples can be found in literature of the favourable effects of 
being a member of a relevant organisation. 
Kabourakis (1996) found that the success of regional development on Crete in Greece must be 
attributed to the creation of the Farmers Support Group, a decision-making platform of 
organic olive growers. Da Silva (1999) reported that control of blackbird populations in rice 
could only be achieved due to the stringent farmers' decisions in the so-called CITE groups. 
Roling and Van Fliert (1998) pointed out the success of the so-called farmer field schools as 
tools for the introduction of biological control of insects in rice in Indonesia. Vereijken (1999) 
and Leewis (1999) demonstrated that implementation of an innovative farm design is not 
possible without a farmers' study group. 
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Referring to the examples mentioned above, I came to the conclusion that the learning 
platform of the Huancarani farmers formed the basis for the LRP'S success later. Probably, for 
farmers learning to learn needs a basis where learning processes can take place, can be 
developed and can be observed. But was it all success and sunshine? There were some 
"useful" crises that were important to learn from. The following aspects may be considered as 
being negative: 
- Deficient research results on cactus pear plant diseases; 
- Insecurity concerning succession rights of common lands; 
- Problems with the distribution of cactus pear plants; 
- Failure to produce cochineal in sheds; 
- High fluctuation in cochineal quality from equally treated samples. 
These crises functioned as unexpected events and became the subject of debate in the group. I 
will describe two mechanisms that led to the solution of such crises and to improved learning 
by the group: knowledge integration and decision-making procedures. 
9.3 Integration of knowledge 
Everybody was willing to contribute to solutions and told about his own experiences with 
cactus pear growing or what relatives had practised. The complex problems provided several 
learning pathways to solutions and sufficient aspects, functions, roles and tasks were present 
to involve everybody actively. However, the more puzzle-resolution the subject was, the more 
dependent the platform members became on outside help. The quality of cochineal provides a 
good example. 
The farmers became skilled in indicating how rural development could be improved by the 
production of the insect. They were willing to make their own cost-benefit analysis. With the 
help of the facilitators they had become skilled in joint experimental research on improved 
infestation (inoculation by insects) and post-harvest techniques. But they turned out to be very 
uncertain when the cochineal quality fluctuated without any indication of the reason for it. 
They did not understand the factors that influence cochineal quality and did not know how to 
improve the quality of the product. In other words, their autonomy in decision-making ceased 
at the fundamental level of problem analysis and results of basic research. 
The crisis that followed after the discussions about how to improve the quality of the produce, 
immediately made the farmers conscious of the problem but they felt like unskilled managers. 
It was difficult to bring them beyond this point. We discovered that they looked at their 
facilitators expectantly. The evaluation unveiled indeed that from then on they expected an 
active role from outsiders. The Cochabamba State University carried out some basic research 
and the first results were promising. The farmers became agitated. They said that "normally", 
as soon as farmers turn out to be uncertain, the scientists or the donor come with a recipe, a 
solution or a tool. As this did not happen in the L R P , they became irritated, as most of the 
farmers wanted to apply the results of research projects immediately, without waiting for an 
adapted technology for their own situation. When they did so, they returned to the platform 
meeting later with rather sad stories such as "it does not work", "it is too difficult" or "it does 
not make sense". This was the moment to let them feel that the research on improvement of 
the quality of the produce we had done so far only said something about the relationship 
between the experimental results and the conditions that we created for the benefit of the 
experiment. 







Conditions of growth 













of the problem situation 
FIGURE 9.1 The improvement of cochineal production by knowledge integration of relevant 
aspects: cochineal quality factors (lowest level of complexity), agricultural 
management techniques, productivity, economic features and criteria for 
development (highest level of complexity). 
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In the following I will show what happened when we tried to make farmers aware of how they 
can integrate the results of experimental research into their own farming system, against the 
background of our motivation to generate rural development. The case of "Improving the 
quality of cochineal" will be discussed, as it is an example of the learning-in-practice pathway 
(see Chapters 4, 6,7 and 8). The results gave us some idea of which production factors may 
influence the quality of cochineal and how these results could serve the final decision-making 
and implementation of farm innovation. To achieve this, generated knowledge was brought 
together with other knowledge at different levels. The process involved is known as 
knowledge integration. 
We tried to achieve our goal in four steps (see the four complexity levels of Bawden in 
Section 4.1): 
- Understanding the knowledge about factors that influence cochineal quality; 
- Improvement of the effectiveness of agricultural management techniques; 
- Optimisation of production at cropping system levels; 
- Satisfaction from the scenario as part of decision-making. 
These four steps will be discussed in the following subsections (see also Figure 9.1). 
9.3.1 Factors of improving the quality of cochineal 
Harvesting and conservation of cochineal has a great effect on the quality of the dried insect 
as raw material for carminic acid or carmine dye production. One of the main indicators for 
quality of cochineal is the presence of the chemical substance: camrinic acid (CA ) . In all their 
experiments scientists at the Cochabamba State University found that the length of egg release 
by the female insects as well as the size of the harvested insects affect the quality of 
cochineal. Other factors were of less importance. Farmers concluded therefore, that the exact 
moment of harvesting the insect had to be determined by the size of the insects. The sizes 
were classified according to meshes found on the market or with material found around the 
house. Also, they decided that the way of killing the insects should be studied as well as the 
moment of classification and the drying period (see for results Section 7.4). The farmers thus 
began to realise that so far the results only helped to explain and understand the factors that 
determine the quality of cochineal. They themselves brought forward that they now had to 
experiment on their own farms, under their own farm-specific conditions. In other words, they 
understood that the results of scientific efforts in getting the best cochineal quality could only 
be achieved by integration of this knowledge into their own every day management and farm 
structure: applied research on practical agricultural management techniques. 
9.3.2 Effectiveness of agricultural practices 
New applied experiments were set up, partly contracted out to the University and partly 
carried out on-farm and managed by the fanners themselves. The best killing methods for 
cochineal were determined; the farmers understood that cochineal quality has everything to do 
with quantity. Technology that guarantees higher cochineal quality causes, as a negative side 
effect, reduction of the quantity of the product. 
So far, it had not been possible yet to classify exactly the quality of cochineal in the farmer 
community because the farmers did not have a chemistry laboratory at their disposal. To be 
dependent on outsiders was against their objective of taking the quality of produce and sale 
into their own hands. So, in a third round, the farmers in the platform decided (taking into 
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account the results of the two previous rounds of experimental research) to develop a local 
classification system for the quality of cochineal. 
They created indicators based on smell, colour, humidity, firmness, size and uniformity of the 
harvested insects. Surprisingly, they could achieve good correspondence between the results 
of separately made judgements on quality. Farmers were able, to a high extent, to classify 
cochineal for its quality. Scientific validation showed that their score was very precise. So, a 
quality system was developed. Farmers could identify cochineal with an error of less than 
0.5% carminic acid, in a range of 19% and 24% carminic acid. This was an unexpected result 
of the L R P . It gave farmers a tool to control their own cochineal quality at a generally accepted 
standard. That also made them skilled in negotiating about prices and in marketing. 
From their experiment, the resource-poor farmers of Ffuancarani could reach a very good 
understanding of the relationship between the growing conditions of cochineal, post-harvest 
management and the quality of their produce. They demonstrated that they had become 
skilled in reaching an uniform, high quality at community level. This was a result of learning 
by (guided) doing. Once they had discovered how to guarantee quality of cochineal, they 
started to discuss the production of high quality cochineal as part of a cost-benefit calculation. 
Cochineal production had to be efficient and integrated into the current farming system. 
9.3.3 Optimisation of the cropping system 
The next step of knowledge integration according to the complexity levels of Bawden et al. 
(1985) was to make cochineal production efficient. This meant that the farmers' costs had to 
be fully compensated by income from the market. This had to do with knowledge of cactus 
pear plant productivity, the diversity of cactus pear uses, required capital input, labour 
availability, dimensions of cactus pear plantations and so on. The farmers had to integrate 
their knowledge of several components into a system level or, to be more precise, the 
aggregation level of the cropping system: produce, as much as possible, at high quality 
against the lowest costs. The platform experienced, with simple scenario building on the basis 
of production rhythms and cost benefit analyses, that they could achieve optimal production 
for local growing conditions at competitive costs. They could compare and evaluate the 
efficiency of different cochineal production scenarios and trade off the desired income for 
their family and the insect quality to strive for. They learned the effects of external capital 
inputs and labour. Finally, the farmers required an evaluation of the results. Two important 
questions remained unanswered. Were they happy about their results? Could they see that 
their initial problem was solved considering the various points of view as defined in the 
criteria for farm innovation? Next, they had to learn decision-making on how to improve the 
outcome of their work continually. 
9.3.4 Satisfaction from the farm innovation scenario 
The knowledge of quality factors, effectiveness of agricultural management techniques and 
production efficiency will result in optimal production scenarios. In order to reach final 
decision-making in relation to implementation, the farmer needs to feel at least happy with it. 
That is to say, the outcome of scenarios must be evaluated in the context of criteria that are 
satisfactory to the farmer. It must be remembered that the farmers were unhappy with the 
actual situation of farming at the start of the L R P . We raised the question about farmers' 
satisfaction in relation to the general results if applied to their own farms. Confrontation of 
farmers with their different management and farming styles could be done by making them 
aware of how they could compare each other's satisfaction. For example, personal differences 
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in appreciation, margins between costs and income, acceptability of the scenario from a social 
point of view, technical implication, autonomy in relation to suppliers and buyers, gender 
focus, contributions to the improvement of the environment or biodiversity conservation have 
to become "measurable". 
In this way, farmers learned to improve the quality of their product as they saw that so far 
their results had met their initial demands. Or, in other words, when there would have been 
shortfalls between results and final goals, the design process concerning the question of how 
to reach a higher cochineal quality should be repeated. This is what I called earlier learning 
from failures or heuristic learning. Once farmers had reached the initial complexity level by 
knowledge integration, final decision-making was required before implementation of the 
proposed solution. Farmers had to learn to improve joint decision-making. How the L R P 
trained farmers to do this will be shown in the following section. 
9.4 Designing decision-making as a skill for better farming in 
Huancarani 
In addition to knowledge integration between the complexity levels of production factors, 
effective handling and efficiency, farmers had to make choices between options. According to 
Bawden et al. (1985) and Simon (1969) the results from research should always be integrated 
into the initial complexity level of the problem situation. Land degradation and lack of income 
opportunities for resource-poor Quechua farmers are examples of such complex problems. 
Solutions had to be found at the same level. Therefore, the research in the L R P had to be 
integrated into the highest level of complexity of soft systems. At this level, farmers had to 
decide whether the followed integration had resulted in a satisfactory solution according to 
pre-established criteria. Therefore, soft system design turned out to be a decision-making tool. 
In order to make the farmers' opinion on scenarios for farm innovation explicit, we brought 
together various production scenarios and compared them with the "with-without cases", 
S W O T and Multi Criteria Analysis ( M C A ) methods. 
9.4.1 Comparison of "with-without cases" 
The future impact of two production scenarios was assessed. The effects of the cactus pear 
and cochineal production scenario (with case) were set against the consequences of the 
conventional production system of the subtropical agroecozone (without case). The with-
without-case analysis is a test that analyses the satisfaction degree of meeting farm 
development criteria between the two scenarios. The outcome was further analysed on strong 
and weak aspects, threats and opportunities ( S W O T analysis). 
Table 9.1 shows the criteria (as defined by the Huancarani farmers) and the assessed impact 
of the "with and without" scenarios. 
9.4.2 SWOT analysis 
Farmers were enthusiastic about the fact that the cactus pear and cochineal scenario scored 
positive on two thirds of the farm development criteria. However, the long list did not 
immediately present a final criterion (read overview) for acceptation or rejection of the 
proposed production scenario. Therefore, farmers were invited to subdivide the assigned 
impact on each attribute of development criteria between strong and weak aspects (part of 
S W O T analysis). 
Strong aspects of the cactus pear and cochineal production scenario 
Farmers evaluated that all environmental preconditions of farm development, such as 
protection of forests, biodiversity, soil conservation and integration of livestock and 
agricultural production, could be reached by the proposed production system. Economic 
variables, such as productivity increment, positive Internal Rate of Return ( I R R ) , and non-
existence of competition with agricultural land, were also evaluated as positive. 
In addition, farmers indicated that they appreciated cactus pear and cochineal because of the 
regional production knowledge of Andean farmers for hundreds of years. This production fits 
into their culture and tradition. Moreover, a good deal of knowledge is still there, although the 
younger farmers felt themselves not sufficiently knowledgeable about both commodities 
anymore. The opportunities for cactus pear production were in the first place the traditions of 
the Andes, on which the Huancarani farmers rely. 
Cactus pear allows several possibilities for production. These can be implemented in the 
future according to local necessities and markets. This may guarantee maintenance of 
opportunities for agricultural development. In the future decisions on starting the production 
of a certain use of cactus pear can be made step by step. 
Weak aspects of the production scenario 
The economic aspects of the scenario showed that high investments are required for cactus 
pear plantation and cochineal infestation. According to the farmers, they cannot raise such 
amounts of money themselves, although levels were below the pre-established investment 
criterion. So, once again the farmers changed the threshold level for investment. This meant 
that capital had to be found outside the community. Development institutes were asked to 
support these activities with a credit line or joint venture investment (policy of the national 
Bolivian Export Foundation). 
Cactus pear requires a long juvenile growth period before fruit, forage and cochineal start to 
produce. That is why the economic result of the production is only positive from year 7 and 
the cash flow not until year 6, which are considered weak aspects. 
It also became clear that not all families were able to participate in the programme, because 
they do not possess land in the subtropical agroecozone. Special attention should be given to 
group planting on communal land. 
The men were very active in the L R P and have dominated the platform so far. Farmer women 
are not likely to have much influence on the programme until the production of cochineal 
starts. The harvest of cochineal and the sale of produce are traditionally women's 
responsibilities (Rodriguez and Schoute 1992). The lack of gender focus may be a threat for 
the success of the programme. 
The criterion of minimal labour input could not be addressed successfully and was another 
weak aspect of the programme. On the one hand, one may be afraid of the possibility that 
farmers may not invest the required amount of labour to protect and maintain the plantation 
before production starts. On the other hand, when cochineal production starts, labour 
TABLE 9.1 Comparison of the impact of the cactus pear and cochineal production with conventional fanning, according to the development criteria 






Impact of the cactus pear and cochineal design Impact of the conventional production system 
1. Maintaining 
Andes culture 
1.1 Maintaining Andes 
crops 
Cactus pear and cochineal are traditional Andes crops, as well as 
the fruit species pacay and chiremoya (National Research Council 
1989). 
Traditional Andes crops (vegetables and root crops) are 
replaced by high productive mixed food and cash crops 
(potato). 
1.2 Community tasks in 
agricultural 
production 
High involvement of the farmers union in all phases of the land 
rehabilitation programme. 
The farmers union will not supervise livestock keeping in 
the sub-tropical zone. 
1.3 Maintained possi-
bilities for further 
development 
Cactus pear is a multipurpose crop and other uses than fruit 
cochineal and forage may be developed in the future (see for ot-
her uses Figure 5.1). 
Residual crops are fed to cattle, but manure is not 
collected. Declining soil fertility is a fact. The quantity of 
irrigation water in the canyons is declining. Development 




2.1 No competition with 
agricultural land 
Cactus pear is planted on exhausted agricultural land No competition. 
2.2 Minimal labour input Cactus pear and cochineal production on 0.5 ha requires an ave-
rage of 65 to 80 working days per year when at full production. 
Minimal labour input. 
Yearly labour input is less than the number of working 
days needed for 0.5 ha irrigated potato production (60-80 
working days). 
2.3 Minimal capital input The average yearly capital investment is $ 51, but the first year 
requires an investment of $ 220 and two more years pass the limit 
(148 in the fifth year and seventh year). 
Minimal capital input. 
Yearly capital input is less than 0.5 ha irrigated potato 





ductivity of the land 
Forage production is increased to maintain the weight of cattle in 
the dry period. Fruit and cochineal are produced (see Section 7.2). 
Agricultural production on irrigated fields is maintained by organic 
fertilisation. 
Productivity will decrease. 
3.2 Internal rate of re turn 
is higher than rate of 
interest (8%) 
Internal Rate of Return (IRR) = 21 %, at minimum prices of 10 $ 
per kg dry and first class cochineal. 







Impact of the cactus pear and cochineal design Impact of the conventional production system 
3.3 Yearly economic 
result and cash flow 
are > 0 
The economic result is positive when cochineal production starts 
(year 7). The cash flow is positive from year 6 onwards. 
Potato, peanuts, and some fruits yearly show positive 
economic results and cash flows. 
4 Socially just 4 Active participation of 
the peasant families 
in the programme 
60% of the families may plant cactus pear on their own (exhau-
sted) agricultural land. All families have access to plantations on 
communal land. 
39 % of the families own irrigated gardens in the sub-
tropical agroecozone; 60 % use the zone for grazing. 
5 Gender focus 5 Increased role for 
women in agricultural 
production and sale 
It is expected that, in future, fruit, forage and cochineal production 
will be managed and sold by Huancarani women, as occurs in 
traditional production zones (Rodriguez & Schoute 1992). At this 
stage, the program is dominated by men. 
No changes in roles are expected. 
6 Protection of 
ecosystems 
6 Protection of 
vulnerable and rare 
ecosystems 
Forests and permanent pasture land are not cleared. Land of high fertility is needed in order to maintain 




7.1 Construction of bio-
diversity of plant 
species. 
Cactus pear, fruit and woody trees are introduced. The number of plant species declines on degraded 
pasture land and exhausted agricultural land by 
overgrazing. 
7.2 Soil conservation, 
minimum of water 
and soil losses. 
Soil conservation and soil regeneration is reached by the 
vegetation cover of recovered natural vegetation and cactus pear 
plantation. A mulch layer arises. Additional soil conservation 
measurements are carried out. 
Land is overgrazed and the scarce vegetation cannot 
prevent ongoing soil erosion and water run-off. 
7.3 Integration of 
agricultural and 
livestock production 
Forage production is expected to maintain the weight of cattle in 
the dry period. Manure distribution on agricultural land will at least 
result in a lower net output of nutrients. 
Improved cattle productivity nor manure caption is expec-
ted. 
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competition between peak-time cochineal harvesting and sowing of traditional food and cash 
crops in the period of mid-October to mid-November may be a problem. Additional labour 
force from outside the community may be needed to harvest cochineal before the rainy season 
starts. 
Conclusion 
Notwithstanding the weak aspects (capital investment, labour availability and gender focus), 
farmers decided to implement the production of cactus pear and cochineal. The results of the 
evaluation confirmed their initial choice. But, at this stage they became aware of some 
production risks. The original scenario was not changed on details by SWOT or with-without 
case analysis, but certain constraint lifting activities were added, such as financial support for 
cactus pear planting and cochineal infestation and further minimisation of labour input. 
We noticed that farmers accepted the analysis of strong and weak aspects and that they were 
enthusiastic about the result of each aspect. However, they did not show much interest in the 
total scores of strong and weak aspects. Strong and weak aspects were not exchangeable or 
negotiable. In contrast, this technique was used to obtain an overview of the many aspects and 
effects. It was also used for comparing the impact of the design with pre-established criteria 
for farm development and was therefore useful for making explicit personal or group 
positions, so that it could be discussed, proved or invalidated. 
9.4.3 Multi Criteria Analysis (MCA) 
With the help of the Multi Criteria Analysis (MCA , Van Pelt 1993) the LRP compared several 
production scenarios. The analysis was based on the list of development criteria, which was 
quite comprehensive with respect to the farmers' development objectives; the performance 
was assessed (impact matrix) and compared. The result of such an exercise is ranking of 
alternatives. 
M C A is a decision-making tool and does not validate decisions made afterwards. It can be seen 
as a mirror: it answers the question of which alternative or scenario would suit the criteria 
(goals and restrictions), set for farm development, best. 
The integrated cactus pear scenario was subjected to M C A together with two other 
development scenarios: potato production and a forestation programme. The impact matrix 
was therefore constructed with three production alternatives (scenarios). The scenarios were 
evaluated for the criteria defined by the farmers themselves (see Table 9.1 of the with-
without-case analysis). The scores of each criterion (and attribute) were determined by simple 
calculations of the percentage a goal had reached or by a threshold level that had not been 
passed. For qualitative indicators, farmers started a discussion in the platform until consensus 
was reached (farmers' opinions at their meetings). In other words, farmers sometimes 
required qualitative analysis, but most of the indicators were calculated quantitatively, with 
the help of scientists, by assessment of future impact. 
The M C A was carried out using the weighted summation technique. The Land Rehabilitation 
Programme chose, in view of the knowledge exchange between farmers, local facilitators and 
scientists for the application of a simple technique and procedure, which could be done by 
hand. The standardisation technique of data consisted of transformation to values between 1 
and 0. The highest (positive) score received value 1, the other two received the relative part. 
Table 9.2 shows the standardised scores of the development alternatives and the final ranking. 
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TABLE 9.2 Standardised scores and ranking (last row) of three development alternatives for 
farm innovation according to development criteria set by Huancarani farmers. 
Development criteria Cactus pear and 
cochineal production 
Potato production Forestation 
1. Andes culture main-
tained 
(max. 15%) 
14.2 2.2 7.5 
2. No competition with 
traditional food crops 
(max. 15%) 




25.9 25.0 0 
4. Socially just 
(max. 6%) 3.6 1.8 6.0 
5. Gender (max. 4%) 4.0 2.0 0 
6. Protection of vulne 
rable natural ecosys 
terns 
(max. 10%) 
10.0 0 10.0 
7. Rehabilitation of 
degraded land 
(max. 20%) 
20.0 0 6.5 
Total score 
(max. 100%) 89% 32% 45% 
The cactus pear and cochineal scenario obtained a first rank because of simultaneous high 
scores on cultural, economic as well as ecological criteria. In contrast, potato production 
scored only well on the economic criterion, while forestation scored well on food security and 
ecological criteria. 
It was concluded that the cactus pear and cochineal production scenario may have a positive 
impact on a wide range of development criteria, which was to be expected from this 
multipurpose crop. Even if the relative priority of farmers' criteria were to change (a changed 
weight set), for example an inclination to views based on purely economical or ecological 
criteria, the cactus and cochineal scenario would still score high. In other words, the 
sensibility to other ranking of alternatives, by changed weighting of farm development 
criteria, is expected to be low. 
9.4.4 Risk and uncertainty analysis 
The cactus pear and cochineal scenario scored well and passed all comparative evaluations: 
comparison of with-without cases, strong and weak analysis and the Multi Criteria Analysis. 
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Farmers were able to select a new production scenario based on their own development 
criteria. The cactus pear and cochineal production scenario was accepted. 
However, cactus pear needs at least a five-year period of growth before it can be infested with 
cochineal. The choice for cochineal production could wait until more information would be 
available from research and experimental implementation in the field. Farmers are generally 
reluctant to implement a complete technology package all at once. They prefer a phased (step 
by step) introduction in accordance with their current opportunity gaps. With cactus pear 
planting, farmers opened a wide range of possibilities for farm development but, because of 
the phased implementation of the integrated cactus pear and cochineal design, the 
development workers nor the farmers could assure that the project would be implemented as 
was planned earlier. 
The previous tests obviously concerned the entire (correct implementation of) design. But was 
this really so obvious? Not so for the facilitation team. The question was why farmers felt so 
confident about the correct implementation of the design. During platform discussions we 
found out that the farmers' logic behind this strong statement was that they see 
implementation of the programme as just an internal affair. Farmers got the impression that 
the platform could solve all problems and that they would not change their minds anymore 
now that the final design was accepted. However, external influences (opportunities and 
threats) such as changed market conditions (low cochineal export prices), new emigration 
opportunities for young Huancarani farmers, or sudden aggravation of cactus pear plant 
diseases, may influence the correct implementation of the project. As the farmers knew that 
implementation of the complete production scenario would mean mid-term planning, they 
should have been aware of all kinds of obstacles that could ruin the expected positive impact 
of the programme. A simple, changed production objective of the integrated cactus pear and 
cochineal scenario, caused by external influences or by unforeseen internal aspects, could lead 
to alteration of step by step implementation of the scenario. The L R P could not assure the 
correct implementation of the design as a step by step implementation (process approach) is 
extremely vulnerable to changes. In such a case, its future impact may change also. Therefore, 
the L R P offered a risk and uncertainty analysis to the farmers. 
Previous analysis showed that the cactus pear and cochineal production system was not 
sensitive to changes in price and productivity, which made the farmers feel more confident. 
The effect was calculated for a situation in which cochineal prices or cochineal productivity 
would be affected, both with extremes of 20% maximum and minimum (see Section 8.4: the 
normal procedure for economic-financial analysis of project feasibility). 
The risk and uncertainty analysis focused on altered implementation of the design. The 
following next example shows how farmers learned to assess the impact of incorrectly 
implemented production scenarios. 
There may be many causes that change the original production objectives, but access to 
capital, availability of labour and the right motivation of the farmers are crucial for the large 
investments in the first, fifth and seventh year. 
In the first year, the decision concerns cactus pear planting. At this stage no precise decision 
is needed for specific cactus pear uses and production levels yet. Next, in the fifth year, 
cochineal introduction can be chosen. Forage production in the seventh year is the third and 
last important decision moment. The risk that the final decision on forage production will not 
be made is high because of the influence of cochineal production. In the case of high 
cochineal prices, the cochineal production will not be sacrificed for forage production (of 
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lower economic impact). When cochineal prices are low, farmers may be disillusioned and 
neglect their plantations before they reach the forage production stage. This phenomenon is a 
weak side of multipurpose plant or multi-crop development projects. Because of this and in 
addition to the original design, the LRP designed three scenarios with altered production 
objectives. The first alternative consisted of reducing cochineal production by half, the second 
alternative was to reject cochineal production altogether. The third alternative was to analyse 
the impact of the design in which forage production was not implemented. Table 9.3 shows 
the results of this analysis. 
The Multi Criteria Analysis carried out for the four scenarios (i.e. including the original 
design) on the basis of seven farm development criteria and showed the following ranking: (1) 
the original design; (2) reduce cochineal production by half; (3) no cochineal production at 
all; and (4) no forage production at all. It was concluded that removal of one use of the 
multipurpose cactus pear would result in a lower overall performance of one of the main 
criteria: a lower economic result or a negative ecological impact. This means that the impact 
of cactus pear and cochineal production is highly sensitive to a decrease in production 
diversity (elimination of the multi-purpose perspective). 
As cochineal production obviously is important for generating family income, scenario 1 
scored high on the economic criteria. On the other hand, forage production meets the 
environmental criterion. If cactus pear forage production is not implemented, the economic 
criteria will be reached anyway. But there may be competition with food production if the 
livestock production objective must be reached by cultivating other forage. For example, the 
production of Lucerne may be an interesting forage alternative but requires high-quality, 
irrigated agricultural land and competes with food and cash crop production. Without forage 
production and hence, manure collection, agricultural land cannot be fertilised, so that the 
decline in fertility is expected to continue in the irrigated plots in the subtropical agroecozone. 
In order to meet both economic and ecological farm development criteria, the production 
system should consist of the multipurpose use of cactus pear. The team of the Land 
Rehabilitation Programme was conscious of the high probability that the farmers would not 
implement forage production. 
The analysis with M C A showed again that farmers were not interested in a final score, but used 
the technique for analysis and discussion and to reach consensus. 
TABLE 9.3 Comparison of the impact of four scenarios of cactus pear and cochineal production, according to the attributes of development criteria 
formulated by the Huancarani farmers 




No forage production 
1.1 Maintaining Andean crops (based on local 
knowledge and technology) 5% 
Cactus pear and cochineal No changes Cactus pear No changes 
1.2 Community tasks in agricultural 
production 
5% 
Communal land, communal 
organisation of programme. 
Production by individuals and 
groups 
No changes No changes No changes 
1.3 Maintained possibilities for further 
development 
10% 
All cactus pear alternatives, 
cattle production and develop-
ment of irrigated fields 
No changes No changes No development of cattle 
production nor manure cap-
tion for irrigated gardens 
2.1 No competition with agricultural land 
10% 
OK No changes No changes If improvement of forage 
production is aimed at, agri-
cultural land for Lucerne 
production will compete 
with agricultural production 
2.2 Minimal labour input 
2.5% 
Total labour requirement for 
0.5 ha and 13 years: 674 days 
539 working days 404 working days 480 working days 
2.3 Minimal capital input 
2.5% 
Total capital requirement for 
0.5 ha and 13 years: $ 666 
$551 $435 $524 
3.1 Increased productivity (fruit, cladodes, 
cochineal, natural vegetation) 10% 
Sum of yearly average dry 
weight productivity on 0.5 ha: 
2040 kg 
2355 kg dry weight 2720 kg dry weight 480 kg dry weight 
3.2 Internal rate of return of integrated cactus 
pear and cochineal production is more than 
rate of interest 
15% 
IRR = 21% IRR = 9% / R R = < 8 % IRR = 25% 
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Wo forage production 
3.3 Yearly economic result and cash flow 
are > 0 5% 
Economic result: year 7; 
Cash flow: year 6 
Economic result: year 
10; 
Cash flow: year 6 
Positive economic 
result and cash flow 
cannot be reached 
Economic result: year 7; 
Cash flow: year 6 
4 Active participation of the families in the 
programme 6% 
60% of the families No changes No changes No changes 
5 Increased role for women in agricultural 
production and sale 
4% 
An increment is expected as in 
Peru cactus pear and 
cochineal are traditionally ma-
naged by women (50%) 
Less cochineal 
production may incre-
ase women role in the 
crop (75%) 
No expectations of 
new incomes of wo-
men (0%) 
No changes (50%) 
6 Protection of forests and permanent 
grassland 10% 
OK No changes No changes No changes 
7.1 Construction of biodiversity 
5% 
Pasture, cactus pear, 
cochineal, woody species, 
other fruit species 
No changes All species are present 
except cochineal. 
No changes 
7.2 Soil conservation 
5% 
Vegetation cover, individual 
water infiltration basins per 
cactus pear plant 
Protection belt around the field 
with a living hedge 
No changes No changes No changes 
7.3 Integration of agricultural and livestock 
production 
5% 
Cactus pear forage, manure 
collection and distribution on 
irrigated agricultural fields 
No changes No changes No integration between 
livestock and agricultural 
production 
9.5 Discussion 
Farmers were tacitly unskilled when they started the L R P . After problem analysis they became 
conscious of their real problems and the underlying causes. So, when they started research 
and design in order to find solutions for their problems, they were, consciously, unskilled. 
The question then was how to become skilled? We found that two pathways had structured 
this phase of the farmers' learning process: knowledge integration and decision-making. 
These were not present in the four complexity levels of the problem situation with the same 
intensity. 
The example of cochineal quality showed that synthesis of part solutions into the initial 
complexity of the problem occurred first by knowledge integration from low to high 
complexity, and then by decision-making at high complexity. 
At the level of puzzle resolution (the lowest complexity level), knowledge integration was 
most important. Examples are to: 
- Integrate the limitations of cochineal production on cactus pear into the integrated cactus 
pear production scenario; 
- Integrate the results of local production factors into the integrated cactus pear production 
scenario; 
- Integrate (a)biotic factors in relation to cochineal quality into adapted research on post-
harvest management techniques. 
At the level of effective agricultural management practices (the third level of complexity i.e. 
applied research), 50% of outcome referred to practical actions and 50% to knowledge 
integration. It should be noticed that practical action can only be reached when fanners are 
aware of and agree on the consequences of changed agricultural techniques. This indicates 
that decision-making is required before implementation. Examples of practical action were: 
- Improved plantation; 
- Use of pruning against cactus pear diseases; 
- Adequate infestation techniques; 
- Adequate post harvest management. 
At hard system level, knowledge integration appeared to be dominant (more than 50%). Some 
examples of the L R P were: 
- New investment policies to change initial design objectives and development criteria; 
- Formulation of the multipurpose use of cactus pear and integration into cunent farming; 
- Data on livestock production as input for the integrated cactus pear and cochineal 
production system; 
- N P K input/output data incorporated into the integrated production system. 
At the soft system level (the highest level of complexity), decision making was frequently 
carried out (88%). 
Knowledge integration took place by building research components into multiple objective 
system levels, as well as from the hard system's level to decision-making in the soft system 
level. "Final" decision-making generally took place at the soft system level. When farmers 
were not interested in knowing the impact of a specific agricultural management technique on 
the whole set of farm development criteria, they could still find decision-making at the level 
of applied research. At this level decision-making focused on direct practical action. This is 
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often the case when a more curative than preventive solution is required for a particular 
problem. 
The results of a particular activity were integrated at higher complexity levels, while gaps on 
knowledge or data in system analysis of scenario design pushed specific research at lower 
complexity levels, but always with the objective to reintegrate those demanded results at the 
level where the missing data were experienced. Therefore, integration of results follows the 
direction from low to high complexity. Knowledge integration is, therefore, towards 
increasing complexity, in contrast to problem analysis. 
9.6 Conclusions 
Learning from practice is platform building, knowledge integration and decision-making. 
Decision-making concerns implementation of a design or an agricultural practice, or has to do 
with the activity agenda: selection of methodologies, continuing studies, experiments and 
design. Learning from practice was a trial and error procedure and an on-going process of 
evaluating results of an activity and planning more activities. 
Learning from practice is focused on methodology. 'How did we carry out the activities'? and 
'Why did the methods work and how did the procedure results'? And, also, how can we learn 
better in practice?" I found out that farmers did not consider the methodology for decision-
making very satisfactory. According to them, it could be better, even though they agreed that 
decision-making procedures were very important and had a great impact on the success of the 
LRP(see Chapter 11). 
Up to this stage, it is clear that farmers have improved from being consciously unskilled to 
consciously skilled workers. This means that knowledge and joint decision-making is 
obtained with the help of applied methodology, strict procedures and debates. However, it 
does not happen automatically yet. 
In order to make farmers skilled in a tacit way, in other words, to ensure that farmers carry out 
farm innovation procedures by themselves based on an internal logic, it is necessary to study 
the relationship between problem analysis, goal setting, research, design, knowledge 
integration and decision-making. 
We need further abstraction in order to make the learning process of Huancarani farmers 
available for new practice. The next chapter will present the development of a toolkit that will 
show how the Huancarani farmers learned. 
to o 
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10.2 Structuring the research and design phase 
10.3 Structuring the knowledge integration phase 
10.4 Conditioning of possible solutions 
10.5 Presentation of a management tool for designing interactive learning pathways 
10.6 Conclusions 
The implementation of the Land Rehabilitation Program (LRP) was not easy. It was certainly 
not the type of straightforward planning we are used to in experimental research. Such a 
procedure was not possible anyhow. Resource-poor farmers were excluded from normal 
knowledge networks. The L R P felt back mainly on farmers' knowledge, thinking pathways 
and decision-making procedures, as well as on facilitators' knowledge. Two steps forward 
and one step back would be a better description of the process involved, or, going in all 
relevant directions simultaneously. However, there definitely was some result: the farmers 
recognised their autonomy and became skilled in raising questions about what they wanted. 
Even after the L R P had ended, farmers continued to work in platforms, always being 
enthusiastic to use the tools they had learned in order to analyse and experiment, integrate 
knowledge and make decisions at farm and community level. 
In this chapter the position and the role of the methods and techniques involved will be 
explained. They will be presented as a model, synthesising what has happened during all 
those years in which the L R P was carried out. The model must be considered as a "checklist" 
for other development-aid programs for resource-poor farmers in extremely deprived 
situations, but also for European farm innovation processes. 
In the following five sections the phases of problem analysis, research and design, knowledge 
integration, goal setting and, finally, the decision-making will be discussed. 
10.1 Structuring the problem analysis phase 
In the Land Rehabilitation Program, problem analysis focused on the decline of land quality, 
unsustainable production systems and income problems. Many aspects were analysed at the 
level of community and farming systems, such as geographical location, quality of natural 
resources, climatic conditions, social relationship between families and the market, campesino 
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economy, production diversity, etc. All these aspects represent the following dimensions of 
development: productivity, profitability, accessibility, sustainability and autonomy. 
Next, at the second level of complexity (hard systems), the analysis will focus on systems that 
showed potential for providing solutions to the general problem. Simulation models were 
assembled of specific production systems at field or agroecozone level, in which production 
and monetary relationships were distinguished. These, selected from the hard systems, 
provided an overview, insight in and understanding of system structure and behaviour. 
Two components required further analysis: 
- Agricultural management practices (for example cochineal infestation methods or post-
harvest management techniques) in order to determine the most effective practices adapted 
to local production conditions; 
- Factor responses that influence cactus pear and cochineal growing. 
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FIGURE 10.1 The problem analysis phase subdivided into four levels of complexity of the 
problem situation. 
In the figure, the arrow indicates that the analysis needed a reductionist way of reasoning. The 
outcome of the problem analysis is identification of the components (and or subsystems) at 
four levels of complexity that require further study for problem solving. The lowest levels of 
complexity should result in setting a research agenda. The problem situation is translated into 
terms of essential variables that are subjected to experimental research. The highest levels of 
complexity are preparatory for setting a design agenda. The problem situation is translated in 
terms of required alternative production systems. 
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10.2 Structuring the research and design phase 
Two kinds of experimental research were distinguished in the L R P : basic and applied research. 
Basic research focuses on explanations of phenomena. The knowledge involved raises a better 
understanding about what happens on the field. Applied research addresses the improvement 
of the effectiveness of an agricultural management practice. Applied research focuses on what 
must be done. Many experiments were set up in the Land Rehabilitation Program (see Chapter 
7 ) . In addition to research at component level, design was applied at subsystem levels. This 
concerned the creation of production scenarios at cropping and agroecosystem levels. At the 
cropping system level of aggregation, integrated cactus pear and cochineal production 
scenarios were designed and the optimal scenario was selected. At agroecosystem level the 
selected cactus pear and cochineal design was inserted adequately into the present agricultural 
production. 
Figure 10.2 shows the experimental research and design phases in a diagram. 







that influence plant 
and insect growth 











FIGURE 10.2 The research and design phases of the LRP 
identified at three levels of complexity. 
in order to solve problems 
10.3 Structuring the knowledge integration phase 
The knowledge integration pathway consisted of the creation of new production systems. The 
results of research at the lowest level of complexity (factor responses) became inputs for and 
contributed to applied research. The results of both basic and applied research were taken up 
and incorporated into hard-system scenarios. Finally, the results of design of (hard) cropping 
and agroecosystems were integrated into soft-system scenarios, based on client satisfaction 
and decision-making. Therefore, the synthesis towards complex solutions cannot be 
considered as a specific scientific methodology, but consists of knowledge integration 
between complexity levels. 
Figure 10.3 shows the knowledge integration pathway between results of research and design. 

























FIGURE 10.3 The knowledge integration phase from low to high complexity 
10.4 Conditioning of possible solutions 
The three phases as discussed above (Figures 10.1, 10.2 and 10.3) can be merged into a "U" 
shaped form, visualising the place and links between problem analysis, experimental research 
and design and knowledge integration (see Figure 10.4). In this diagram, knowledge 
integration must be equally important as problem analysis, as shown by the L R P . The question 
is, therefore, why knowledge integration became unnoticed in literature. 
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Figure 10.4 Presentation of joint problem analysis - research, design, knowledge integration 
of the LRP 
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The answer lies in the following: 
- Problem analysis with a system perspective is often kept hidden in a continuing 
improvement of system analysis; 
- Research at component level (formulated from problem analysis) is generally followed up 
by more in-depth experiments in the same way, rather than by translation of partial results 
into solutions at levels of the initial problem situation. 
Knowledge integration, being a synthesis pathway to problem solving after experimental 
research, is linked with problem analysis and further research with feedback from the 
scientific world, more than from the farmers' world (initial problem situation). 
The L R P concluded that problem analysis, research, hard design and knowledge integration are 
not sufficient. A solution, once integrated at community level, will not be maintained if the 
context of the invention is not sustained by coherence with the farmers' worldview, in the 
context of adequate actions such as laws, credit systems or retaliations in case somebody does 
not act as was agreed. The Land Rehabilitation Program could not be completed, according to 
the farmers themselves, if the community did not embed their platform decisions into a 
learning-process point of view. The white area in the center of the U-shaped form (Figure 
10.4) shows that a design of structures and procedures inside the community, for conditioning 
solutions, is missing. We therefore proposed to mention this part of our tool "a design for the 
soft aspects of farm innovation". It refers to goal setting at the highest complexity levels (see 
Figure 10.5) and to soft designing (see Figure 10.6). 
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FIGURE 10.5 The solution conditioning stage by goal setting at three levels of complexity 
Goal setting could be found at three levels of complexity. At soft system level, the conditions 
for sustainable farm innovation processes were defined. At the hard system level, general 
objectives were translated into precise goals and limitations to farm development. Some 
specific limitations were formulated at the level of agricultural management techniques. 
The soft design phase 
In the soft design phase, farmers practised and learned to improve their decision-making 
procedures. Most important, as part of soft design, was the creation and functioning of the 
platform. It served for discussion, exchange of experience and communication between 
farmers and outside stakeholders. The platform was especially structured for decision-making 
by all actors involved. With the help of certain instruments such as S W O T , Multi Criteria 
126 Chapter 10 
Analysis and with-without comparison, farmers could make their points of view more explicit 
and could in addition, discuss their own impressions of ranking of scenarios and compare 
(trade-offs) between the assessed impact on development goals. Farmers selected between 
options and were decision-making oriented. They took decisions in order to re-structure, add 
or take away components or functions of the actual farming system and they did not put 
emphasis on any small changes on certain components. It was satisfaction-oriented. 
In Figure 10.6 the design pathway and the specific methodology at the highest complexity 
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FIGURE 10.6 The soft design phase of the LRP at the highest complexity level of the problem 
situation 
10.5 Presentation of a management tool for designing interactive 
learning pathways 
Conditioning of the solution had to be added to the joint system analysis, research and design 
as well as knowledge integration. The white area of the "U"-shaped pathway is completed by 
designing societal structures, needed as "conditions" of solutions found by the platform. Now 
the model for learning in farm innovation processes has become complete. 
Figure 10.7 shows the management tool for designing interactive learning pathways. 
The framework clearly shows that in a complex problem situation two phases are required in 
order to define a design and research agenda. These phases are problem analysis and goal 
setting. When these phases are carried out well, the framework offers four entries to start 
problem solution, according to the four complexity levels of the problem situation. Design can 
be chosen at soft system as well as hard system levels, but can also be used as applied and 
basic research at component levels, for agricultural management practices and factor 
responses respectively. The farm innovation team may select one or, simultaneously, several 
levels to take action. When research and design are completed, these must be integrated into 
the knowledge integration phase. Results of research at low complexity levels are no longer 
integrated (with force) into models of problem analysis, but can now be inserted into design 
scenarios prepared at higher levels of complexity. Knowledge integration at system level is 
therefore the mix of "vertical" integration of research results with "horizontal" design of 
system scenarios (options). 
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FIGURE 10.7 The management toolkit for designing interactive learning processes. After 
problem identification, two pathways must be worked out: problem analysis and 
goal setting. Then, four types of actions (research and design) can be chosen at 
four levels of complexity. The results of these actions must be integrated as a 
solution towards the initial problem. Cycles can be drawn iteratively. 
10.6 Conclusions 
The management toolkit offers the user many pathways to solve complex problems. This 
flexibility may cause problems for those who are used to count on strict procedures for 
research. One may ask: 'How is it possible for me as a researcher to include all phases of the 
management tool?' Of course, most people are restricted in their actions by time and space, 
but also by their voluntary restriction on specific subjects of their interest. They may become 
experts in farming system research, production optimisation or experimental research, others 
become specialists in a specific crop or study a specific discipline of plant science: plant 
protection, ecophysiology or soil-fertility management. 
But the answer is simple. Look at the farmer. He (she) is, at the same time, a family member, 
agricultural producer, livestock keeper, farm manager, salesman, administrator of vulnerable 
rare ecosystems and so on. Farmers necessarily look at their farms with a broad, integrated 
and interdisciplinary view. Farmers had to learn from their own experience and that of others 
around them, in order to tackle all kinds of problems and seize opportunities. And they did it 
well, albeit, not alone. Farmers did not win their survival struggle for centuries by working 
their piece of land and taking care of their family. They organised themselves in all kinds of 
groups in order to face their hostile environment together. They even organised themselves 
into the platform for the Land Rehabilitation Program, because they understood that they 
could not make it alone referring to the design of sustainable production systems. 
This is also true for the use of the management tool for designing interactive learning 
processes. In the case of complex problems at system level, researchers do not work alone. 
The tool does not pretend to be a personal management instrument in the sense that one 
scientist alone has to work out all phases of the tool. The tool has been made with the 
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experience of teamwork and can be picked up by another team in order to tackle its complex 
problems between a group of scientists as well as together with other relevant (groups of) 
stakeholders. 
Personally, I use the toolkit to determine the learning pathway, as a scientist that means in 
accordance with my specialisation and personal interest. I can also compare and make my 
pathway complementary to the preferred learning pathways of other members of the platform 
in which I participate. Maybe some white spots will show up in phases that cannot be worked 
out by the actual team. Then, specialists can be contracted. Each problem in relation to a 
specific platform of relevant stakeholders can lead to the pathways and actions of preference. 
It depends on the problem, whether all phases of the toolkit are needed. It depends on the 
stakeholders in the platform whether one or several pathways are worked out simultaneously. 
But in all cases, there is a need for a person who manages the learning process as a whole, and 
who facilitates the chosen pathways for interactive learning. In the L R P , farmers showed 
enthusiasm for goal setting more than for problem analysis. The scientists preferred 
reductionistic problem analysis. The facilitator of the learning process had to ensure 
interactive strategies among stakeholders, a stimulating environment for integration of 
knowledge and a real balanced participation of all stakeholders in decision-making 
procedures. In the following chapter the applicability of the design of learning processes for 
the farmers in Huancarani will be shown. This will be done with the help of the toolkit. 
Chapter 11 
The applicability of designing pathways for learning 
processes: the opinions of Huancarani farmers 
11.1 Method for testing farmers' appreciation of participating in the LRP 
11.2 Farmers' appreciation of applied methodology 
11.2.1 Farmers' opinions on the contribution of each methodology to the success of the LRP 
11.2.2 Farmers' appreciation of their participation in the LRP 
11.2.3 Did farmers really interact? 
11.3 Farmers' preferred learning pathways visualised in the management toolkit 
11.3.1 Farmers' preference for farm innovation methodology 
11.3.2 Farmers' participatory pathways 
11.3.3 The design of an interactive pathway for learning 
11.4 Conclusions 
We found three learning pathways for resource-poor farmers in Huancarani. Together, they 
created a "management toolkit for designing interactive learning pathways". This device is 
very helpful to process managers and development facilitators in new complex situations such 
as farm innovation. Project leaders can use the toolkit as a checklist or as an instrument for 
planning and evaluation of an activity agenda. But is it really fundamental? What are its 
strong and weak aspects? This question can only be answered by making an inventory of the 
farmers' appreciation of working in a participatory project. Relevant questions were: Did the 
farmers really participate and how happy were they about their own roles? What did they 
think of the methodology they had followed in terms of importance and impact? In other 
words: Was the success of the LRP the result of an interactive learning process? 
These questions will be discussed in this chapter. First, the present method of testing farmers' 
opinions will be tested. Next, the farmers' appreciation of their participation as well as their 
interaction during the realisation of the methodology will be discussed. Finally, the farmers' 
preferences for learning pathways in relation to the same indicators, as visualised in the 
management toolkit, will be presented. 
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11.1 Method for testing the farmers' appreciation of their 
participation in the LRP 
The farmers in this program had a low level of education. It was out of the question that they 
would adequately indicate in questionnaires or other written sophisticated and individual 
procedures what they felt or what their opinions were. We had to find other approaches. So, 
we decided to evaluate the farmers' appreciation in the same way as we had always done: 
create a shared picture about the question from the activity agenda, exchange judgements, 
opinions or ideas and take a shared decision. Once we noticed that all members of the 
platform had the same activity, moment and context in view, we continued by asking about 
their appreciation of participating in the L R P : was their participation sufficient, effective, 
useful, etc.? 
Either Eloy Vargas or myself guided the discussion. When we saw that everybody had said 
what he or she wanted to say, we continued by asking what mark they would like to give to 
their participatory grade. They could give one joint value between bad and very good. We 
assigned numbers for evaluation: one for bad and five for very good. The decisions in 
question concerned farmers' appreciation for certain activities. However, not only farmers 
participated, other relevant stakeholders became involved as well and gave their opinions 
freely. The meeting kept on discussing their valuation until all farmers agreed. We only 
accepted one shared opinion. So, when the group gave "sufficient" (3), everybody had to 
agree. 
Problems showed up. Sometimes it happened that one farmer could not agree. For instance, 
when the group evaluated that the participation rate of farmers was good, only one farmer 
insisted on his opinion that it was not good, simply because he himself had not participated 
because of his absence at a particular moment or because he simply refused to participate. 
Such an opinion could not considered as being relevant. It was to the group (or finally to Eloy 
Vargas) to judge which opinion had to be included or not. Our experience was that in this 
way, the farmers could evaluate and express their appreciation of most activities quite clearly 
and with common sense. Finally, a specific score on an activity was frequently compared to 
other already evaluated activities. We asked the farmers questions like: 'Was this activity 
more participatory than was practised in the fieldtrip?' or 'Was this method of the same 
importance to the success of the L R P as the on-farm applied experimental research activities?' 
We found that scores were seldom changed after comparison. This implies that farmers were 
able to assign a value quite well and did not change their opinion easily. That gave us the 
impression that the figures presented here are reliable. 
It was not difficult to get farmers in line. The road to consensus became easier the more 
farmers became used to it. All figures presented in the following section were produced in this 
way. They are only meaningful in their mutual connection for one specific group of people at 
one specific moment. 
There were three questions: 
- What did the farmers think of their contribution to the success of the L R P for each specific 
activity considering the importance of the activity, addition of valuable information or 
insight in order to solve the initial problem? 
- What were the farmers' feelings about their participation in the program (happy or not 
happy)? 
- Did the farmers really interact? Was there sufficient interaction between farmers? 
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The reactions to these questions were clustered considering three aspects of the L R P : 
methodological phases, complexity levels and the management toolkit. 
11.2 Farmers' appreciation of applied methodology 
Mainstream researchers accept that abstraction and complexity in development questions are 
hard to manage by people with little education. However, clustering was needed in order to 
get an overview of and insight into the design of learning processes. For the farmers this 
resulted in a big step towards abstraction. 
The L R P subdivided all farm-innovation activities into seven different groups of methods: 
- Problem identification and problem analysis; 
- Goal setting for getting the present, unsatisfying situation changed; 
- Soft designing (e.g. structuring the society, company or organisation and decision-making 
procedures); 
- Hard design (e.g. structuring the farm, crop rotation or integrated production of a cropping 
system); 
- Applied research; 
- Basic research; 
- Knowledge integration from low to higher levels of complexity. 
The farmers' appreciation was also clustered into four different levels of complexity: 
- Soft systems: organisation, decision-making at farm and community level; 
- Hard systems: farm management production (sub)systems; 
- Agricultural management techniques; 
- Level of growing factors (water, nutrients or climate for production quantity and quality). 
The next subsections compare the three evaluation criteria with the methodological phases 
and complexity levels. 
11.2.1 Farmers ' opinions on the contribution of each methodology to the success of the LRP 
The farmers considered the importance of methodology to the success of farm innovation 
quite flexible. Table 11.1 shows that soft designing got the highest appreciation and basic 
research the lowest. 
TABLE 11.1 Farmers' opinions on the contribution of methodological phases to the success 
of the farm innovation process (farmers' opinion is the average score of 
clustered activities). The score of each methodology ranged from poor (1), 
unsatisfactory (2), satisfactory (3), good (4), to very good (5). 
Methodological phase Score 
Problem analysis 2.7 
Goal setting 3.1 
Soft design 4.5 
Hard design 3.6 
Adapted research 3.1 
Basic research 1.8 
Knowledge integration 3.0 
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A similar result was found when the activities of the Land Rehabilitation Program were 
evaluated by classification at complexity level (see Table 11.2). On average, the score of 
system levels of high complexity was satisfactory. Activities carried out at low complexity 
such as agricultural practices and factor responses of plant and insect growth were considered 
unsatisfactory. 
The table indicates that farmers assigned more importance to work on complex questions 
related to their community or their own farm. Questions related to research were valued as 
being less important. 
TABLE 11.2 Farmers' opinions on the contribution of methodology to the success of farm 
innovation per complexity level of the problem situation. (Farmers' opinions are 
the average score of clustered activities.) The score of each methodology 
ranged from poor (1), unsatisfactory (2), satisfactory (3), good (4), to very good 
(5). 
Complexity level of the problem situation Score 
Soft systems of dimensions of development 3.6 
Hard systems of cropping and farming production 3.4 
Agricultural management practices 2.6 
Factor responses 2.1 
11.2.2 Farmers ' appreciation of their participation in the LRP 
To start with, farmers' participation will be presented according to the subdivision of 
methodological phases (see Table 11.3) 
TABLE 11.3 Farmers' opinions on the levels of participation versus methodological phases. 
(Farmers' opinions are the average score of relevant evaluated activities. The 
score of each methodology ranged from poor (1), unsatisfactory (2), satisfactory 
(3), good (4), to very good (5). 
Stage Average farmer participatory 
score 
Problem analysis 2.7 
Goal setting 3.9 
Soft design 3.3 
Hard design 2.3 
Applied research 2.4 
Basic research 1.0 
Knowledge integration 2.9 
Total farm innovation process 2.7 
Table 11.3 shows that almost all methodologies were moderately appreciated as activities in 
which farmers were able to participate. Only goal setting reached a higher score, which 
indicates that farmers were able to participate in discussions on their future, and develop their 
own goals and criteria for farm innovation. The score for participation in experimental 
research was low. This may mean that the farmers need much more training and facilitation 
support for this activity or, that farmers just prefer to leave research in the hands of 
specialised teams. It may be that the appreciation will change according to the kind of subject. 
A wide range between scores could be found in nearly every phase. 
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Farmers' participation should be carefully watched during hard, exact designing activities, as 
the figures show that they feel themselves not sufficiently involved. The L R P appeared not to 
be as participatory as it would like to be. 
TABLE 11.4 Farmers' opinions on participation versus complexity level. (Fanners' opinions 
are the average score of clustered activities). The score of each methodology 
ranged from poor (1), unsatisfactory (2), satisfactory (3), good (4), to very good 
(5). 
Complexity level of the problem situation Average farmer participatory 
score 
Soft system of dimensions of development 3.2 
Hard system of cropping and farm production 2.4 
Agricultural management practices 3.2 
Factor responses 1.4 
Total farm innovation process 2.7 
Table 11.4 shows that participation was higher when problems at high complexity levels were 
discussed. Also, activities at the level of farm management practices guaranteed satisfactory 
participation by farmers. We accepted that the soft system level of complexity in question is 
more suitable for participatory strategies. Further, when a participation strategy is required for 
a learning process as a whole, extra attention should be paid to participation of farmers in hard 
system questions and basic research. If the farmers do not appreciate this, the platform in 
which they are the essential stakeholders should at least focus on the farmers' participation in 
the knowledge integration phase between complexity levels. 
11.2.3 Didfarmers really interact? 
Many projects in Bolivia applied participatory approaches without looking too seriously at the 
quality or "interactiveness" of participation. These projects frequently saw participation as a 
means for reaching development goals. For such projects, participation was not a goal in 
itself. In other words, when a project emphasises consultative and collaborative (contractual) 
participation between farmers and development workers, farmers do not reach self-
confidence, nor gain power or become autonomous. In contrast, the L R P considered these 
aspects of development as most important, referring directly to the second goal. 
The quality of participation is not guaranteed when farmer participation is a fact. We need to 
value grades of interaction in terms of classification of interaction types. With the help of 
research carried out by Hamilton (1995) nine types were identified: 
0 No participation; 
1 Physical participation; 
2 Consultative participation; 
3 Collaborative participation; 
4 Feedback loop interaction; 
5 Interaction based on knowledge generating; 
6 Self-directed and contrast-based interaction; 
7 Coalition building interaction; 
8 Concept building interaction. 
Some of these kinds of interaction had a common feature in relation to interactive learning. 
We clustered these types of interaction into four interactive learning approaches. The 
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classification of interactive learning approaches was more relevant in the L R P than the 
differences between types of interactiveness. The four interactive learning approaches were: 
- Non-interactive learning type: observations of the interactive types 0 ,1 ,2 , and 3; 
- Dependent learning approach: observations of type 4; 
- Interdependent learning approaches: observations of types 5, 6 and 7; 
- Concept-building learning approach: observations of type 8. 
Neither an average interactive score nor an average interactive learning approach, calculated 
from a set of activities, have an intrinsic meaning. The interactive approach is a scale for 
different ways of interacting that has to be understood by multiple variables instead of a 
simple increasing level of one indicator of "interactiveness". Therefore, rather than assigning 
an average "numeric score", interactiveness will be described in terms of ranges and 
frequencies. 
With the help of the farmers in the platform, we scored their interaction types for all relevant 
activities of the L R P . These were grouped for interactive learning approaches and 
methodological phases (see Table 11.5). 
TABLE 11.5 Interactive learning approaches versus methodological phases of the Land 
Rehabilitation Program. 














analysis 11 9 6 0 
Goal setting 0 0 5 2 
Experimental 
research 7 2 2 1 
Design 3 2 3 2 
Knowledge 
integration 9 7 5 1 
Methodology of 
the LRP 3 0 2 0 2 1 6 
Table 11.5 shows that farmers hardly interact in research activities. Interaction concerning the 
problem analysis activities was not high either. Knowledge integration occurred with various 
types of interaction, except for structuring the concept. Goal setting and designing appeared to 
be primarily interactive actions. 
From Table 11.5 it may also be concluded that the methodology of the L R P and the learning 
process involved was not always interactive. Almost 40% of the actions were of the non-
interaction type. Dependent and interdependent interactive learning approaches were found in 
more than 25% of the applied activities of the L R P . 
Table 11.6 shows the interactiveness scores for actions at the four levels of complexity. 
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TABLE 11.6 Interactive learning approaches versus complexity levels. 











Soft system 8 6 8 3 




6 6 6 2 
Factor 
responses 8 3 0 0 
Methodology of 
the LRP 30 20 21 6 
The lowest level of complexity (puzzle resolution) can be characterised by low interactive 
approaches. The other three levels of complexity showed a similar picture: a highly 
diversified use of participatory and interactive approaches except for concept building. Closer 
observation shows a tendency (without statistical proof) towards relatively more concept 
building interaction at the soft system level (highest complexity). 
The tables above showed that some methodological phases of the L R P were more interactive 
than others. Therefore, the overall methodology cannot be classified as being interactive, 
especially when all methodological phases were included for analysis. Since these stages were 
all part of one activity agenda and overall farm innovation methodology, the interactive 
success depended on high interaction at each stage. However, the result on interactivity may 
be explained "better" if specific learning pathways (parts of the L R P ) are considered. If 
methodology of a particular phase, evaluated as a non-interactive approach, were to be 
complemented and/or compensated by instruments of another phase or pathway, with an 
interactive (interdependent learning or concept building) approach, the overall result may well 
be satisfactory. Therefore, the management toolkit is needed for visualising learning pathways 
so that each phase can be identified and the relationship between phases become clear. 
In the following sections the results of the same three evaluation criteria, but now visualised 
in the toolkit, will be presented. 
11.3 Farmers' preferred learning pathways visualised in the 
management toolkit 
The preceding paragraph showed interesting results with respect to the overall scores of the 
Land Rehabilitation Program as well as specific scores on methodological phases or 
complexity levels. Because so far no model had been developed to structure the relationship 
between the methodological phases and the complexity levels, the farming innovation process 
of the L R P (the learning pathways) could not be evaluated. The toolkit made clear that based 
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on the experience of the LRP, many learning pathways may be selected. With the help of this 
toolkit, it is now also possible to "interpret" the appreciation of LRP interactive learning by the 
platform's members. Using the same criteria (for contribution of the methodology to the 
success of the LRP, farmer participatory levels and interactive approaches), strong and weak 
aspects of the learning process in the LRP can be found, and the use of the toolkit be evaluated. 
11.3.1 Farmers'preference for farm innovation methodology 
The participants of the platform in Huancarani attributed a score of 3 (satisfactory) on a scale 
of 1 to 5 to the overall methodology of the LRP. However, their appreciation of parts of the 
farm innovation methodology varied a great deal, (see Figure 11.1). Methodological cycles 
can be drawn according to the stakeholders' interest. Farmers were conscious of the fact that 
the initially offered methodology was not sufficient to solve identified problems. It indicated a 
methodological opportunity. The methodology as such could be improved on the basis of 
selecting the most successful activities carried out so far, or by adding new methodology. 
Goal setting and soft system design improved the farmers' appreciation of the overall 
methodology. Farmers said that the methodological cycles of related methodology at the 
highest complexity level of farm innovation and rural development contributed best to the 
success of the LRP. Design methodology received the highest score. Goal setting also scored 
high at system complexity levels, because of its future outlook and direct link with design 
approaches. This part of the LRP was considered crucial for the success of the program. 
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FIGURE 11.1 Farmers' opinions on the contribution of the methodology to the success of 
farm innovation. 
The conclusion is that the LRP's success can be attributed to the participants' appreciation of 
learning by designing rather than that of research at lower complexity levels. Or, in other 
words, the participants think that research does not contribute sufficiently to learning. If 
knowledge integration does not take place from results of research into decision-making at 
high complexity levels, final problem solution integration cannot take place. But farm 
innovation without applied and basic research was not possible either. The same is true for 
problem analysis in relation to goal setting. Farmers constructed their own preferred pathway, 
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however without rejecting other learning pathways to be implemented by other members of 
the platform. 
The framework indicates that in order to obtain a successful farm innovation process, 
methodology must include hard and soft system design as well as research, problem analysis 
and goal setting. If a reductionist problem analysis is followed from high to low complexity, 
and research is carried out at the low levels, special attention should be given to knowledge 
integrating methodology in which research results are integrated into the initial level of 
complexity. 
11.3.2 Farmers' participatory pathways 
Farmers said that their contribution to the overall methodology of the L R P was sufficient and 
satisfactory. This is visualised with the toolkit as shown in Figure 11.2. Farmers attributed a 
score of on average 2.7 (satisfactory) out of a scale of 1 to 5. We could understand this score. 
Farmers must have difficulties with a continuously high participation in all kinds of methods 
and activities, especially as the L R P consisted of a very large number of diversified activities 
over a long period of time. Moreover, the farmers' interest in participating in questions close 
to their own everyday problems reduced their time for active participation on abstract, very 
specific complex research questions that were very remote from their own experience. 
So, farmers selected a "preferred" methodology for active participation. Therefore, following 
their line of thinking on the importance of methodology, we saw that participation by farmers 
was high in activities at high levels of complexity (soft system level) such as goal-setting 
activities and knowledge integration, which were greatly appreciated. It is obvious that the 
farmers' contribution to experimental research may, in practice, only be expected when 
sufficient compensation from goal setting and knowledge integration is involved. 
Because of limited funds, it was not possible to contract professionals for all research. 
Therefore, farmers were asked to carry out research. Their enthusiasm and their feelings for 
doing research were therefore important for completion of the research plans of the platform. 
Figure 11.2 shows that farmers were more involved in applied research and highly involved in 
the knowledge integration phase after the applied research activities had been completed. This 
does not mean that farmers themselves should always be involved in research activities. It is 
quite possible that the applied research and certainly basic research is done by professionals 
and elsewhere. However, farmers must understand the results in terms of consequences for 
their own way of farming and experimenting, thus for their own learning process. 
The same phenomenon can be found at higher system levels. Results of hard system design 
(characterised by low farmer participation) require integration into soft system design. Farmer 
participation in knowledge integration is more important than farmer participation in the 
design of "hard systems". Therefore, the hard system level and basic research do not 
necessarily require high farmer participation for getting a good final score for the overall 
methodology. 
More important than the implementation of a specific research or design activity is that 
farmers themselves have control over the definition of the overall research agenda: their 
learning pathway. Evaluation of the obtained results and further planning is more important 
than restriction on research activities in the sense that these must be carried out by farmers. 
Therefore, farm innovation methodology should focus on the availability of information and 
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decision-making procedures for farmers themselves (or several social actors in a platform for 
farm development). Facilitators and scientists should strongly support this process. 
























FIGURE 11.2 Farmers' opinions on their participation in the LRP farm innovation methodology 
on a scale ranging from 1 to 5: poor (1), satisfactory (3) and very good (5). 
As we want to have farmers' participation in a development-aid project we may now conclude 
from Figure 11.2 that we need to create the following work plan: 
- Start simultaneously with the problem identification and the goal setting phases and care 
for the interaction between the two, especially when farmers do not show much interest in 
problem analysis; 
- Continue with a soft system design, because this is the farmers' preference and also 
because this decision-making phase includes and overrules all other methodology and 
activities. 
On the basis of this procedure, a methodological cycle was drawn in the top of the toolkit. In 
other words, a leaning process is started with reference to farm innovation and rural 
development. It is decision-making oriented, identifies and/or formulates the learning process 
and prepares further inside examination of the problem. This pathway however, always 
requires data from research as without these there is nothing that can be synthesised into a 
new production system. This means that another pathway needs to be drawn up: 
- Continue problem analysis at lower complexity levels; decompose into sub-systems and 
components; 
- Start basic or applied research; 
- Integrate knowledge (results of research) into models to optimise production systems; 
- Integrate the results of hard system design into soft societal and decision-making design. 
11.3.3 The design of an interactive pathway for learning 
Interactive approaches say something about the quality of farmer participation. In Section 
11.2.3 the types of interactive approaches for the various methodological phases and four 
complexity levels were shown. It was clear that no important differences were obtained 
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between the complexity levels except for basic research (a non-interactive methodology). The 
other levels showed different types of interactive approaches: dependent learning processes 
and interdependent learning processes. So, complex questions can provide opportunities for 
becoming interactive although this was not always the case. 
Problem analysis and experimental research were classified as being non-interactive. Goal 
setting was characterised by interdependent learning processes and concept building 
interaction (see Figure 11.3). Design and knowledge integration were more interactive than 
problem analysis and experimental research. However, these phases presented a wide range of 
interactive types. Experimental research, basic research and the hard system design are non-
interactive. The interactiveness may be improved when basic research is followed by applied 
research and especially with on-farm and farmers' experimenting. 
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FIGURE 11.3 The range of interactive types found in the LRP farm innovation methodology. 
Interactivity is improved when interactive-poor and hard designing activities are integrated 
with activities for the creation of decision-making models at the soft system level. In this 
respect, all methodology stages seem to be essential for farm innovation, although not all 
phases can be interdependent interactive approaches. 
From the framework it can be concluded that the safest way to obtain highly interactive 
approaches is to follow the pathway from goal setting, soft system design and knowledge 
integration. A second option is: goal setting, adapted research and knowledge integration. In 
the second pathway, special attention must be paid to the selection of specific on-farm 
activities for experimental research, because not all kinds of applied research showed to be 
interactive (see Annex 2). 
11.4 Conclusions 
Farm innovations for the benefit of rural development demand a context in which they can be 
maintained. Such a context may be a law, a set of agreements, creation of institutions, 
decision-makers at community levels in a platform of relevant stakeholders, or even sanctions 
when accepted rules for sustaining innovations are not followed. The LRP found out that the 
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platform with active participation of farmers is pivotal to the success of farm innovation 
processes. And it is the platform that is the place where the conditioning of the societal 
context of farm innovation takes place. 
The management toolkit for the design of learning pathways is the result of a case: resource-
poor fanners with extremely complex problems and a low budget and therefore poor research 
conditions, working together for the benefit of their own community. To a certain extent the 
toolkit is not new, for there is literature available on problem analysis, hard and soft systems, 
agronomic design, and knowledge integration. However, the toolkit shows the diversity of 
learning pathways for farmers who interact with other stakeholders in a platform for farm 
innovation. 
The methodological phases that received the highest score for their impact on the success of 
the LRP also received the highest farmer contributions. The quality of the farmers' 
participation showed a similar pattern. The conclusion can be drawn that farmers participate 
more actively, based on interdependent interactive learning, when they evaluate the methods 
and techniques as highly important for the LRP. 
If farmers evaluate an activity as less important, this does not mean that the activity should 
not be carried out. Such a farmers' opinion tells us more about their mood, preference and 
capacity to participate in a certain activity, than about the real importance of the activity. The 
LRP showed that farmers do not necessarily have to participate in all activities or 
methodological phases that comprise the "best" ways of interactive learning. It is more 
important that farmers remain knowledge integrators and are consulted to make decisions 
about results of activities that were not carried out by them. This study also makes clear that 
farmers' participation and interaction is not necessarily reached in farm innovation processes 
but that it is essential in the development of the farmers' autonomy and learning processes. 
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12.6 Conclusions 
Development-aid projects often deal with problems that are basic to the lives of resource-poor 
people. Food security, health, family income and community development are familiar 
subjects. Impact objectives of development-aid projects are therefore difficult to reach. Their 
context is problematic or complex and a network of reliable knowledge is usually lacking. 
Some other characteristics of development-aid projects are: little funding, lack of 
infrastructure, no executives, and projects always located at remote places. Yet, donors expect 
a good deal from their investments. They want large returns for little money in a short time. 
Successful development-aid work also very much depends on knowledge. Normally, science 
provides such knowledge networks. But in the case of development-aid work, the scientific 
contribution is not sufficient. Scientists usually expect facts and figures based on hard 
experiments and modelling, but development-aid cannot provide funds for such experiments. 
Our case even shows that local people are not really interested in basic research, probably 
because they cannot see the relationship between optimised research conditions and the, 
sometimes chaotic, everyday reality of their farms. Scientific approaches to development-aid 
work do not develop either, because most scientific journals are not keen to accept results 
from development-aid projects such as the L R P case. The development-aid worker therefore 
has to do his work under marginal conditions, fieldwork as well as research. 
Our experience was that working on a project like the L R P would have been much easier if the 
team had had something like a manual on farm innovation procedures at its disposal. 
However, we did not have such an instrument. Our own enthusiasm, creativity and persistence 
were crucial to make the L R P successful. Thanks to our careful registration of eveiything that 
happened during the L R P , we could recognise a pattern in the activities we carried out. 
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This pattern can be used as the required manual. This thesis will make the manual, presented 
as a "management toolkit for the design of interactive learning pathways", available to other 
development-aid projects under extreme conditions, facilitators of farm innovation in 
developed countries, and process managers of development policies from regional or national 
governments. 
12.1 Design of learning processes 
The purpose of this thesis is to learn from problem solving processes for complex problems 
by focusing on a specific case and its accompanying, also complex, methodology. It addresses 
the generation of a management toolkit for interactive learning for the development of 
sustainable farming systems. It is an attempt to learn from practice, to link practice with 
theory (state of the art) of interactive design, to learn from it through naming, framing and in-
depth reflection and to make it advantageous to other development processes. 
The L R P did not pretend to develop new methodology as existing methodology was used or 
adapted. So, what does the framework do if it is not considered to be a new methodology? 
The framework is a simple and powerful tool for managing complex problem issues such as 
farm innovation. It can be considered as a discovery of how methodology is organised and 
how instruments and methods are linked. Therefore, it is a system in itself, of methodological 
components and relations. It is limited by the identification of a problem issue. Inputs are: 
involved people, knowledge, funds and specific conditions at the site, while outputs may be 
the solution or part-solutions for the problem situation, as well as improved countervailing 
power of the involved people. 
One of the main characteristics of the toolkit is that it is iterative and cyclic, by which missed 
methodological opportunities can be taken up again, in-depth studies may be suggested later 
on in the time table, methods can be carried out simultaneously, and even the identified 
problem can be adjusted. Another essential factor is the flexibility of the toolkit. Different 
activities or procedures can be selected in order to reach an objective, according to the 
favourite methodology of a certain stakeholder. But, it is more. On the one hand, several 
methodological components may contribute to the same result. For example, there were many 
instruments that contributed to the analysis of the problem. The farmers' way of analysis was 
different from the scientific way, but both contributed to a better understanding of the 
problem. On the other hand, one methodological component may contribute to more than one 
objective. The creation of and comparison between the production scenarios of cochineal 
contributed to the knowledge integration of soft system decision-making in the first place. But 
they contributed also to the identification of key actors that influence productivity and utility 
of cochineal (elements for in-depth experimental research), as well as to the more precise 
definition of development criteria (as part of goal setting). 
The management tool looks complicated but it is not. It was even applicable for the local 
facilitators of Huancarani who have had little education. The tool facilitates any rural 
development procedure. With the toolkit, the project leader (project facilitator) is able to 
apply design methodologies in complex agreements at different levels of complexity of the 
problem situation. This is to say that he/she is able to: 
Describe the different phases of a design process for agricultural problems. He/she can 
also describe related objectives and integrated activities, such as the integration of various 
disciplines, information, methods and techniques; 
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- Design specific learning pathways, according to the capacities and interests of the 
stakeholders; 
- Improve a learning process by adding adequate methods and techniques on four 
complexity levels of the problem situation and seven phases of a general farm innovation 
methodology; 
- Recognise the phase of each stakeholders' learning pathway in the actual design process. 
The essential idea behind a learning pathway is not so much the short-term technical output 
nor the sum of its methodological components, but the procedure, how the pathway works. 
The relationship between components is of high importance. A learning pathway is cyclic, 
flexible and iterative. Several loops can be part of a learning pathway. If a first design loop at 
high complexity level (in the top of the framework) lacks precise information about some 
essential components or relationship between components, further problem analysis and 
experimental research may be required to improve the scenario (new soft or hard systems). 
The learning pathway then, is the sum of several design loops as well as experimental 
research cycles, according to the need of the designer. Hence, problem analysis and 
experimental research can also be seen as essential parts of the design pathway. 
The question arises whether the management toolkit represents a general design approach or a 
very complete experimental research procedure. In other words, which phase (design or 
experimental research) is dominant in complex problem solution? Conclusions of 
experimental research cannot be integrated directly into solutions of the problem. Results of 
experimental research must pass through knowledge integration into soft design (the initial 
white spot; see Figure 10.4). Design therefore, dominates experimental research if complex 
(hard or soft system) problem situations are considered, whereas the toolkit represents a 
design approach. 
12.2 The role of the platform facilitator 
Working under the extreme development-aid conditions of poor and devastated regions also 
demands that the facilitator and farmers (or other stakeholders) involved are well positioned. 
The project leader or platform facilitator of a development-aid project must make 
stakeholders aware of the fact that changing their unacceptable present situation is a matter of 
designing, rather than scientific research. Designing consists of technical design on the one 
hand and interactive-learning design on the other. Designing demands attitudes such as skilled 
communication, presentation, working with uncertainties, working under poor, imperfect 
conditions, creativity, respecting norms and values of others, and project formulation. 
The platform facilitator must also be skilled in making explicit what stakeholders want to 
learn and change, what they are good at, and in evaluating in how far their objectives have 
been achieved. 
It was our experience that the more the design skills were improved, the better stakeholders 
communicated. A project leader must, therefore, be skilled in timely recognition of jammed 
working and thinking patterns. The management toolkit can only be applied successfully 
when facilitators and stakeholders are willing to become creative. Pure knowledge is 
important, but it is not necessary that this also belongs to the mental properties of the 
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facilitator. Knowledge may be obtained by contracting specialists, but the stakeholder himself 
must produce creativity and decision-making power. 
12.3 The role of the stakeholder 
Working in the L R P showed us that farmers became quickly interested in the case: farm 
innovation (first objective) as well as the methodology and learning issue (second objective). 
The reason for this is that they could easily see the relationship between the two objectives. 
So, in the project identification of both hard and soft design learning pathways appeared to be 
very important. Success in farm innovation can be attained when the stakeholders involved 
feel their responsibility for the whole project and not only their own private problem. 
Therefore, it is important that stakeholders also learn how to make agreements, to determine 
delegations, and find the right person for certain questions as well as care for quality. In the 
L R P farmers learned to make decisions systematically. Also, they can now understand that the 
art of decision-making is nothing else but making a choice between possibilities. Other 
aspects of importance were to: 
- Take responsibility; 
- Play a role when decisions are made in groups; 
- Accept choices of the whole group; 
- Develop one's own vision; 
- Be skilled in negotiation between having right and getting right; 
- Discover somebody's strong and weaker sides; 
- Improve the capacity of analysing data, observation and experimentation; 
- Improve the weaker sides of a group member; 
- Dare to make norms and values explicit during discussions. 
12.4 The interactive strategy 
Design, and especially interactive design, creates new roles for the actors. Who is the 
designer: the scientist, the farmer or the platform based on the interaction among the social 
actors involved? Without any doubt, farmers are the ultimate implementers of the proposed 
changes in the conventional production system. They are the ones who have to decide whether 
to take action or not and require an adequate decision-making procedure. Farmers are 
therefore designers, based on their pivotal role in goal setting, their support in formulating 
proposals for production alternatives or nature resource management and selection among 
scenarios. They also play a dominant role in the determination of the activity agenda. The 
analysis of the L R P showed that farmers have their own style of planning and decision-making 
(the procedure from doing to thinking). These are characterised by a pragmatic, step by step 
pathway and consist of cycles in the upper part of the management toolkit: goal setting and 
soft design. The initially proposed activity agenda (to a large extent influenced by the outsider 
facilitator) could not be maintained. Moreover, each step (action) by the farmers was highly 
influenced by the results of the previous activity, but also by their motivation and creativity at 
the moment. In addition, they were influenced by the organisational level of the farmers 
union, seasonal pressure of work in agricultural production and cultural activities. 
Knowledge of the local situation, practical experience, intuition, imagination, a contemplative 
attitude as well as rites are important elements in farm innovation. Farmers can also be 
considered capable of analysing and incorporating external information and influences. 
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Farmers have to combine all these elements and must be seen as managers who make choices 
for farm innovation on the basis of different sources of (sometimes-contradictory) 
information. A farmer is therefore a designer (creator of agroecosystems), decision-maker, 
producer, and administrator of natural resources. But farmers do not stand alone. They have to 
contrast their vision and opinion with that of other relevant stakeholders. 
Interaction is based on communication between farmers and scientists. Communication may 
be very difficult when the farmers and scientists depart from a different cosmovision, logic 
and reasoning. In the case of the LRP, the team and farmers showed multi-perspective 
thinking. The farmers showed enthusiasm for reflection in action (from doing to thinking) 
whereas the facilitators and scientists focused on analysis before implementation (from 
thinking to doing). These different ways of dunking explain the different learning pathways 
that were selected, including specific and favourite activities and instruments. In the Land 
Rehabilitation Program, farmers showed more interest in: 
- Studying the negative trends in farming in the past; 
- Describing the desired future farming and the definition of farm development criteria (goal 
setting); 
- On-farm experiments with a problem focus on agricultural handling; 
- Direct observation and counting; 
- Platform development; 
- Scenario designing. 
Scientists give priority to system analysis (farming system analysis), basic and applied 
research, multiple goal planning and scenario testing. These individual and favoured pathways 
must be respected and promoted. But also, the results of each activity need to be compared 
and integrated so that they can contribute to knowledge exchange and joint decision-making 
by all relevant stakeholders involved. Interaction strategies are then: 
- Improving the quality of farmers' involvement in as many stages and activities of farm 
innovation as possible; 
- Preventing omitting the knowledge integration and soft system decision-making phases; 
- Avoiding a dominant relationship of one stakeholder group over others and allowing 
continuous renegotiations of the activity agenda. 
The essence of the interactive strategy is therefore respect for and complementary use of 
contributions from different worldviews or contrasting learning pathways necessary for farm 
innovation. Interactive design intends to improve the joint human performance in 
development processes. 
The framework for research methodology shows integration of farmers' and scientists' 
contributions to the overall methodology. Most activities are carried out with a dominant 
contribution by one of the two. The experience of the Land Rehabilitation Program is that the 
research agenda is generally not a joint action with equal contributions from the people 
involved in all its activities. Interaction is more a question of discussion, comparison and 
linking of outcomes of activities, which were carried out by one of the social actors (with his 
or her specific worldview and favourite pathway of design). The LRP showed that it is not 
necessary, efficient or possible that farmers or scientists carry out all activities together. 
It is of greater importance that farmers control (and are supported in) the definition of the 
(flexibly arranged) activity agenda and become capable decision makers for further study and 
implementation. It makes more sense to promote basic research in the exclusive hands of 
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specialised research centres, than putting restrictions on the methodology for those activities 
that cannot be carried out by or together with farmers. Interactive design must be rooted in a 
broad spectrum of methodology. 
The analysis of the L R P methodology with the help of the management toolkit showed that the 
types of interactive learning approaches varied according to the methodological phase, 
complexity level, as well as the specific instrument (activity) applied. Interaction varied 
between extremes: from farmers participating as workers on experimental plots that were 
prepared by scientific research institutes (non-interactive), to interdependent learning 
processes and concept building interaction. The essence of interaction in this concept is not so 
much transfer of knowledge or technology, but facilitation of a constant learning process in 
the hands of, and guided by, the target group themselves. This requires special procedures. 
12.5 The role of science 
The underlying dialectic relationship of the construction of the toolkit is between practice and 
theory. In other words: which intellectual framework would make this particular action (the 
L R P ) meaningful (Checkland 1985 in Hamilton 1995)? The contradiction between theory and 
practice can be translated into tension between conclusions of generated (scientific) 
knowledge by analysis and experimental research prepared by the scientists on the one hand, 
and practical experience, goal-setting and decision-making (applied management knowledge) 
in design approaches by the farmers on the other. 
This tension also generates options for people's action. If the tension is translated into either 
practice or theory, in the long ran farmers' learning may fail. If the tension is transformed into 
the link of "complementary" contributions of these apparently extreme poles, interaction 
between scientists and farmers is the logical outcome for farm innovation. Both knowledge 
carriers are required and the tension between them must be managed in a positive way. This 
also means that respect must be demonstrated between stakeholders and scientists and that 
both specific activity agendas must be accepted. 
Science can contribute in making these interactive development processes of complex 
problem situations more effective. On the one hand, soft system design can be improved, 
especially the procedure for platform building, as well as decision-making in the group. On 
the other hand, it is of great importance that soft system design is linked with hard technical 
design. Integration of beta and gamma sciences then becomes a challenge, because it has to 
deal with contrasting points of view on how to structure, realise and finally interpret the 
results of the activity agenda. How can interactive designing, based on a constructivist 
paradigm, be made more acceptable and practicable? 
The management toolkit does not provide the user, apart from the very important overview of 
the learning process, with any instruments to analyse the level of learning processes of one or 
more stakeholder groups. One could think in terms of diagnostic instruments to identify the 
"quality" of the farmers' learning process. In the line of learning from tacitly to consciously 
unskilled or skilled, knowledge is needed to know how and at what level farmers learn. This 
is needed to understand how farmers' learning processes function, in addition to the self-
chosen learning pathway visualised in the toolkit. 
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12.6 Conclusions 
The decision-making platform was a helpful instrument as the farmers of Huancarani still 
continued to work without facilitators following the proposed learning pathways. They 
implemented cactus pear and cochineal production and enhanced their income while 
rehabilitating the soil quality of exhausted land. This shows that the farmers of Huancarani 
have learned to learn. 
And how did they learn? They selected adequate methodology and procedures. A selection of 
methodology is only of interest to those who have a problem and want to find a solution 
methodically. The toolkit presented a broad overview of farm innovation phases, instruments 
and methods. It also offered different learning pathways (procedures) to farm innovation 
(situation improving). The toolkit may help to select a methodology that makes the points of 
departure more explicit to the stakeholders and improves understanding and respect between 
stakeholders. 
Because of the rich overview of the methodology and the different (but clear) design 
pathways, the toolkit is, in the first place, a help for communication among the people 
(several stakeholder groups) that are involved in a farm innovation process. The kit may be 
used as an instrument for emancipation of farmers in the planning and evaluation of the 
activity agenda, as well as for discussing knowledge increments, knowledge integration and 
decision-making. It can also be used for re-planning the farm innovation procedure, or for 
taking concrete action in the field. In this respect the toolkit can be taken up by people who 
are effectively designing, who are involved in activities that include the stages: problem 
analysis, goal setting, experimental research, design and knowledge integration. 
The toolkit is also a powerful tool for managers of farm innovation processes. It rapidly 
presents process-facilitators with an in-depth insight into: 
- Possible (complementarily or contrasting) learning pathways; 
- Specific motivations for or opinions of the stakeholders involved (scientists, politicians, 
pressure groups and farmers for example); 
- Planning of the role of each member of the platform; 
- Identification of trade-offs and conflicts of interests. 
With the toolkit, integration of results of activities can be structured and joint decision-
making facilitated. Besides the use of the framework to plan and implement farm innovation 
processes, the diagram presents the manager (and the team as a whole) with the opportunity of 
looking back to what had been done. It turns out to be a participatory feedback instrument but 
can also be used for systemisation of the experience (or self-monitoring and evaluation) 
scheme. 
The toolkit can also be used by anyone who wants to study farm innovation processes (or 
general complex problem situations) from the outside. In such cases it becomes a diagnostic 
or evaluation instrument for the organisation and procedures of farm innovation and of other 
complex problem situations. It may give insight into and understanding of the following 
issues: 
- Which stakeholder groups are present in the process and what is their influence, 
involvement, role or contribution? 
- Which dominant pathway or different learning pathways to farm innovation have been 
chosen by the group as a whole or by specific stakeholders? 
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- Which development or process policy of a development organisation (research centres, 
N G O S or first-line farmer organisations) has been implemented? 
Other uses are: 
- Identification of a possible conflict of interest among stakeholders; 
- The outiook to restructure the activity agenda; 
- Identification of new learning pathways or additional pathways to fortify development 
processes; 
- Evaluation of interactive design and "beta-gamma" integration. 
The toolkit provides the opportunity to integrate experts of several academic disciplines into 
interactive interdisciplinary teams. It is therefore a useful window for analysis and for the 
organisation (design) of teams for development processes. 
Annex 1 
Methodology of the Land Rehabilitation Program 
TABLE ANNEX 1.1: Methods and instruments of the problem analysis at four 
complexity levels and the actors involved 
Complexity levels Methods and instruments Actors 
Soft systems - Secondary literature review on relevant aspects Scientists 
- Participatory rural appraisal: Together 
- Community walk Together 
- Workshop and community meetings Together 
- Starter activities and unexpected events Farmers 
- Key informant testimonies (history of near past: Farmers 
persistent negative changes), ex large landowner and 
a typical working day of a farmer woman Farmers 
- Social drama Farmers 
- Ranking problems Together 
- Transect map Together 
- Flow diagram of environmental problems Together 
- Study tours: exchange on decision making procedures Scientists 
- Farmers union meetinq to analyse data Toqether 
Hard systems - Structured questionnaire: population count, agricultural Together 
census and out-migration 
- Secondary literature review Scientists 
- Community walk Together 
- Workshop and community meetings Together 
- Semi-structured interviews and key informants Farmers 
- Energy-flow diagram at agroecozone level Scientists 
- Cost-benefit analysis Scientists 
- Farmers union, meetinqs to analyse data Toqether 
Agricultural - Secondary literature review Scientists 
management - Semi-structured interviews and key informants Farmers 
techniques - Study tours Together 
- Farmers union meetinqs to analyse data Toqether 
Production factors - Secondary literature review Scientists 
- Study tours Together 
- Farmers union meetinqs to analyse data Toqether 
150 
TABLE ANNEX 1.2 Methods and instruments for goal setting and actors 
involved 
Complexity levels Methods and instruments Actors 
Soft systems - Definition of the concept of development 
- Formulation of premises for sustainable development 
- Definition of package of demands 





Hard systems - Design objectives (increased family income and no 
competition with traditional food production for 
example) 






- Design objectives (forage production and adequate 
use of local resources before external inputs are 
applied) 
Together 
Production factors — — 
TABLE ANNEX 1.3 Activities of basic and applied research and actors involved 






- Cactus pear plantation schemes and densities 
- Cactus pear pruning techniques 
- Cactus pear disease management 
- Cochineal infestation techniques 
- Cochineal production management in sheds (study 
tour) 
- Protection of cochineal infestation at field level 
- Effect of post-harvest management techniques on 
cochineal quality (classification by size and 
classification moments, killing methods, and drying 
period) 
- Determination of cochineal quality by perceptual 









Production factors - Identification of cactus pear diseases and plagues 
- Cochineal production factors: temperature, humidity, 
cactus pear variety and light 
- First instar infestation levels on cochineal 
productivity/kg cladode (study tour) 
- Effects of biotic and abiotic factors on cochineal quality 







TABLE ANNEX 1.4 Design activities and actors involved and actors involved 
Complexity levels Methods and instruments Actors 
Soft systems - Social organisation of cactus pear and cochineal 
producers 
Together 
- With-without cases compared (bottleneck and SWOT 
analysis) 
Together 
- Three development alternatives compared (MCA) Together 
- Risk and uncertainty analysis by scenarios with 
changed production objectives 
Scientists 
Hard systems - Cochineal production and income optimisation (cost 
benefit analysis) 
Scientists 
- Multipurpose use of cactus pear at field level Farmers 
- Integrated cactus pear production system at family 
level 
Together 
- 75 ha. Integrated cactus pear and cochineal production 
system 
Together 
- Livestock production sub-system Scientists 




Production factors — — 










The selection of cactus pear 
production among development 
alternatives 
- Organisation of producers at local, 
regional and national levels 
- Organisation of cochineal sale 
- Discussions and final acceptance of new 
organisation by traditional farmers union 
Together 
The design of Integrated cactus 
pear and cochineal accepted. 
- Continuation of cactus pear plantations 
- Search for funds for research and design 
- Organisation of national congresses 
Together 
The design of Integrated cactus 
pear and cochineal accepted. 
- Promotion in other communities Farmers 
Impact calculated of scenarios 
with changed production 
objectives 





Calculations of nutrient balance 
of cactus pear fields 
- Integration of NPK flow diagram in the 
integrated cactus pear and cochineal 
design at agroecozone level 
- Delineation of cactus pear integration in 
the conventional farming system 
Together 
The cactus and cochineal 
integrated production desiqn 
- Data for integration at agroecozone level Together 
Livestock production 
calculations 
- Improved decision-making in relation to 
the integrated cactus pear and cochineal 
desiqn 
Scientists 
Design at agroecozone level - Acceptance of the design and planning 










Integration of the cactus pear 
and cochineal design in 
conventional farminq 
- Knowledge integration for decision-
making at soft system level 
Together 
Calculations of labour and 
capital requirements for the 
design 
- Changed design objectives and 
development criteria 
- Search for external development 







Optimal planting, pruning and 
disease control 
- Improved plantation schemes with 
disease "free" cladodes 
- Cactus pear pruning of old and diseased 
orchards 
- No further use of chemical fungicides 
Farmers 
Successful cochineal 
infestations and first harvests 
- Integration of cochineal productivity in 
economic as well as decision-making 
design 
- Reduction of cochineal infestation 
investment 
- Changed cost-benefit model of cochineal 
production 
Together 
Cochineal production in sheds - No further research nor investments for 
cochineal production in sheds 
Together 
Optimal post harvest techniques 
and identification of quality 
indicators (to be managed 
autonomously by farmers on-
farm or at the market place) 
- Further farmer research in the field on 
cochineal quality indicators 
- Important justification for final decision-
making on the integrated cactus pear 
and cochineal scenario 
- Better negotiation conditions with 
cochineal buyers 
- Lowered risk and uncertainty of 









Identification of cactus pear 
diseases 
- To stop basic research, and start 
adapted research with practical outlook 
for disease control 
Scientist 
Positive productivity indicators 
of cactus pear 
- Continued promotion of cactus pear and 
definition of applied research on cactus 
pear production 
Scientists 
Real indicators for cochineal 
production 
- Continued promotion of cochineal 
production (but not with focus of 
"unlimited red gold mine") 
- Definition of agenda for applied research 
on cochineal 
- Inputs for economic cost benefit analysis 
Together 
Identification of principal biotic 
and abiotic factors for post 
harvest management 
techniques 
- Definition of applied research agenda 
- Farmer research on local classification 
system for cochineal quality 
Together 
Annex 2 
Farmers participatory levels and interactive approaches 
TABLE ANNEX 2 1 Farmers participatory levels and interactive approaches for problem analysis 
Complexity 
level 
Methods and instruments Farmer participatory level Interactive 
approach* 
Soft systems Secondary literature study No participation 
Low impact 
No precise data available 
0 
Participatory Rural 
Appraisal: Description of the 




No analysis or projection 
2 
Historical review Low participation 
Enthusiasm and commitment 
Confirmation and acceptation 
4 
Persistent negative 




Formulation and projection 
5 
Workshop and community 
meetings 
Regular participation (dominant 
farmer leader input) 
Open reflective atmosphere 
4 
Starter activities High participation 
High motivation 
No direct connection with LRP 
qoals and activities 
6 
Unexpected events Low participation 
High connection with LRP problem 
analysis 
4 
Key informant testimonies Low participation 
Important information 
2 
Social drama High participation 
Low additional information for the 
LRP 
3 
Transect map Regular participation 
Lack of understanding of figures 
2 




No agreement on conclusion 
4 
Study tours No participation 0 
Ranking problems High participation 
No consensus 
6 
Hard systems Secondary literature review No participation 
Regular impact because few 
relevant information available 
0 
Structured questionnaire High cooperation 
Regular participation in analysis 
(only special cross check team) 
High enthusiasm when results were 
presented 
4 
Energy (NPK) flow diaqram No participation 2 
Cost benefit analysis Low participation 














Agroecozone modelling Regular participation 
Confirmation of data 
Conclusion inducing 
7 
Farmers union meetings to 
analyse data 
High participation 






Secondary literature review No participation 
No decision making 
0 
Study tours Few people participated 
High impact of farmer to farmer 
information and opinion exchange 
Effective for decision making 
7 
Farmers union meetings to 
analyse data 
High participation 




Secondary literature review No participation 
No conclusions or decision making 
0 
Study tours Few people participated 
Highly impressive but low 
understanding 
Not adequate decision-making 
4 





* = With the help of research carried out by Hamilton (1995) nine types were identified: 
0 No participation; 
1 Physical participation; 
2 Consultative participation; 
3 Collaborative participation; 
4 Feedback loop interaction; 
5 Interaction based on knowledge generating; 
6 Self-directed and contrast-based interaction; 
7 Coalition building interaction; 
8 Concept building interaction. 
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Farmer participatory level Interactive 
approach* 
Soft systems Definition of 
development 
High participation 
Very interesting discussions and high 






Chaotic discussions but rich opinions 
Very active participation by the farmers 
Well defined future vision, forward looking 





Not very easy to define criteria with 
precision beforehand 
Flexible interpretation of criteria 
Discussion and comprehensiveness of 
weighting hardly accepted 
Difficulties with the ecoloqical criterion 
5 
Design objectives High participation 
Low capacity for precise formulation 
5 
Hard systems Design objectives 
(increased family 
income for example) 
High participation 
Low capacity for precise formulation 
5 
Map design of future 
farming 
High participation 













— — — 
* = With the help of research carried out by Hamilton (1995) nine types were identified: 
0 No participation; 
1 Physical participation; 
2 Consultative participation; 
3 Collaborative participation; 
4 Feedback loop interaction; 
5 Interaction based on knowledge generating; 
6 Self-directed and contrast-based interaction; 
7 Coalition building interaction; 
8 Concept building interaction. 
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TABLE ANNEX 2.3 Farmers' participation and interactive approaches in research 
Complexity 
level 
Methods and instruments Participatory level of farmers Interactive 
approach* 
Soft systems — — — 




Cactus pear plantation schemes 
and densities 
High participation 
High diversity of opinion and 
practice 
Local (individual) decision-making 
and application 
New techniques proposed 
5 
Cactus pear pruning techniques Regular participation 
Low initial confidence 
4 
Cactus pear disease management Low participation, high concern 
Observations in the field only 
High complexity of problem 
No practical solution oriented 
2 
Cochineal infestation techniques Regular participation 
Curiosity and farmer data recording 
Adjustment of production 
technology 
Direct application of results 
1 
Cochineal production management 
in sheds (study tour) 
Low participation 
Highly motivating and eye opener 
Decision-making oriented 
4 
Protection of cochineal infestation 





Effect of post-harvest management 
techniques on cochineal quality 
(classification by size and 
classification moments, killing 
methods, and drying period) 
Low participation 
High complexity 
Direct application of results 
6 
Determination of cochineal quality 
by perceptual modalities (colour, 
smell, hardness, humidity, size) 
High participation 
Direct application 
Proud and security 




Identification of cactus pear 
diseases and plagues 
Low participation 
No practical solutions 
2 
Cochineal production factors: 
temperature, humidity, cactus pear 
variety and liqht (study tour) 
No participation 
No question of interest 
0 
First instar infestation levels on 




Biotic and abiotic factors on 
cochineal quality (temperature, 
egg releasing stage, solar radiation 
and cochineal size) 
No participation 
High concern and interest of 
farmers 
Decision making on applied 
research agenda 
0 
* = See table before 
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Participatory level of farmers Interactive 
approach* 
Soft systems Social organisation 
of cactus pear and 
cochineal producers 
High participation 
Class consciousness improving, Very difficult 
New concepts about organisation and quality 
control 
8 





Most suitable for farmers 






No farmer calculations, 
Culturally not accepted that several criteria are 





based on changed 
production objectives 
(MCA) 
No farmer participation in design 
Risk analysis and risk-avoiding attitude, 
Postponement of decision-making, 
Good for facilitation development processes 









Improved definition of economic criteria 
Limited understanding of calculations, 
2 
Multipurpose use of 
cactus pear at field 
level 
High participation 









Integration and adaptation to local conditions 
2 
75 ha. Integrated 
cactus pear and 
cochineal production 
system in the 
agroecozone 
Regular participation, 
Consolidation and decision making 
New production (livestock feeding) practices 
Stimulation of communal activities 




No participation in design 
Just farmers' opinion inventory before design, 
Input for the aqroecozone design 
2 
NPK plant nutrients 
input output flow 
diagram 
No participation in design 




* = With the help of research carried out by Hamilton (1995) nine types were identified: 
0 No participation; 
1 Physical participation; 
2 Consultative participation; 
3 Collaborative participation; 
4 Feedback loop interaction; 
5 Interaction based on knowledge generating; 
6 Self-directed and contrast-based interaction; 
7 Coalition building interaction; 
8 Concept building interaction. 
TABLE ANNEX 2.5 Farmer participation and interactive approaches in knowledge integration, 




Results Knowledge integration, 
organisation and decision-
making 









Organisation of producers at 
local, regional and national 
levels 
Organisation of cochineal 
sale 
Discussions and final 
acceptance of new 
organisation by traditional 
farmers union 
High participation 
Initial confusion about the place of 
the farmer union 
Doubts about working together 
with large agricultural enterprises 
Knowledge generation and 
decision-making 
7 





Continuation of cactus pear 
plantations 
Search for funds for research 
and design 
Organisation of national 
congresses 
Regular participation 
Enthusiasm and planning oriented 
A 





Promotion in other 
communities 
Regular participation 
Farmer to farmer promotion of 
cochineal production 3 
Impact calculated 




Extra attention regarding the 
promotion of the livestock 
component 
No participation 
Low farmer interest in future 







of cactus pear 
fields 
Integration of NPK flow 
diagram into the integrated 
cactus pear and cochineal 
design at agroecozone level 
Delineation of cactus pear 
integration into the 
conventional farming system 
Low participation 
Too complex for decision-making 
4 




Data for integration at 
agroecozone level 
Low participation 
Little interest of design at family 




Improved decision-making in 
relation to the integrated 
cactus pear and cochineal 
design 
Low participation 
No decision-making 2 
Design at 
agroecozone level 
Acceptance of the design 
and planning of plantations 
on communal land 
High participation 








Knowledge integration for 
decision-making at soft 
system level 
Regular participation 
Good for motivation 




labour and capital 
requirements for 
the design 
Changed design objectives 
and development criteria 
Search for external 
development (production 




Precision of farmers' (economic) 





Results Knowledge integration, 
organisation and decision-
making 









Improved plantation schemes 
with disease "free" cladodes 
Cactus pear pruning of old 
and diseased orchards 




Farmer individual experimenting 
and comparison 





Integration of cochineal 
productivity in economic as 
well as decision-making 
design 
Reduction of cochineal 
infestation investment 
Changed cost-benefit model 
of cochineal production 
High participation 
Motivation 
Local research opportunities 




No further research nor 
investments for cochineal 
production in sheds 
Regular participation 
Frequently direct farmers' 







(to be managed 
autonomously by 
farmers on-farm 
or on the market 
place) 
Further farmer research in 
the field on cochineal quality 
indicators 
Important justification for final 
decision-making on the 
integrated cactus pear and 
cochineal scenario 
Better negotiation conditions 
with cochineal buyers 
Lowered risk and uncertainty 





Decisive for further action (action 
oriented) 







To stop basic research, and 
start adapted research with 
practical outlook for disease 
control 
Low participation 





Continued promotion of 
cactus pear and definition of 
applied research on cactus 
pear production 
Low participation 
Confirmation what already was 
observed in the field 
No new knowledqe 
1 
Real indicators for 
cochineal 
production 
Continued promotion of 
cochineal production (but not 
with the focus of the 
"unlimited red gold mine") 
Definition of agenda for 
applied research on 
cochineal 
Inputs for economic cost 
benefit analysis 
Low participation 
Very complex but with focus on 
realism 
Necessary for blending farmers' 





and abiotic factors 
for post harvest 
management 
techniques 
Definition of applied research 
agenda Farmer research on 
local classification system of 
cochineal quality 
Low participation 
Promotion of adapted research 
Curiosity 4 
* = See table before 

References 
A B R A H A M , B.S . 1981 . Productividad del Nopal Inerme (opuntia ficus-indica) bajo condiciones 
natura les en el Bo l sôn de Mapimi. Memoria de la Primera Reunion Nacional Sobre Ecologia, 
Manejoy Domesticaciôn de Plantas Utiles del Desierto, enero 1980. Publicaciôn Especial N o . 
3 1 , Universidad de Monterrey, Mex ico . 
A C T A N O T A R I A L 1740-1750 . Testimonio de los antécédentes del Marquesado de Montemira; la 
familia Don Lorenzo de Zârate Verdugo. Archivos privados de la familia Jorge Cocc io , La 
Paz, Bol ivia . 
A Q U I N O , J. 1986. D a s Luftbild als Hilfsmittel bei Planungsvorhaben zur Bodenerhaltung dargestell 
am Beispiel der Gemeinde Cuyupaya in den Anden (Provinz Ayopaya, Bolivien) Diplomarbeit 
im Fach Wasserwirtschaft und Kulturtechnik, Gesamthochschule Kassel , Germany. 
ARIAS, A.J .1988. Estudio técnico para el secado de cochinil la (Dactylopius coccus Costa) y su 
influencia en el rendimiento de âcido carmfnico. En la Memoria del Segundo Congreso 
National y el Primer Congreso International de Tuna y Cochinilla. Universidad 'San Cristobal 
de Huamanga', Ayacucho , Peru. 
ARRELLANO-LOPEZ, S. & J.F. PETRAS 1994. Non-Governmental Organizations and Poverty 
Alleviation in Bol ivia . Development and Change Vo l . 25, pp. 555-568 , Institute o f Social Stu-
dies, Oxford, UK. 
A U E R B A C H , R.M.B. 1999. Design for participation in ecologically sound management of South 
Africa's Milazi River Catchment. Ph.D thesis Wageningen Agricultural university, 
Wageningen, The Netherlands. 
B A R A N Y O V I T S , F.L.C. 1978. Cochineal carmine: an ancient dye with a m o d e m role. In Endeavour, 
New series, V o l . 2, N o . 2 , pp. 85-92 . Pergaman Press Ltd. Great Britain. 
B A R B E R A , G & P. INGLESE 1993. La Coltura del Ficoindia. Edagricole-Edizioni Agricole della 
Calderini s.r.l. Bologna, Italy. 
B A R B E R A , G., P .INGLESE and E. PIMIENTA-BARRIOS 1995. Agroecology, cultivation and uses 
of cactus pear. F A O plant production and protection paper 132, F A O International Technical 
Cooperation Network on Cactus Pear, FAO, Rome, Italy. 
B A W D E N , R.J. et al., 1985. A Research paradigm for Systems Agriculture. In: Agricultural Systems 
Research for Developing Countries. Ed.: J.V. Remenyi , Proceedings o f an international work-
shop held at Hawkesbury Agricultural Col lege Richmond, N.S .W. , Australia. 
B E N S O N , L. 1982. The Cacti of the United States and Canada. Stanford University Press, Stanford, 
California, U S A . 
BLAIKIE, P. 1989. Explanation and Policy in Land Degradation and Rehabilitation for Development 
Countries. In Land Degradation and Rehabilitation, V o l . 1 , 23-37 , John Wi ley & Sons, UK. 
BOOGERT, Y . 1992. La Introducciôn del Cultivo de Tuna - Cochinilla dentro el Proceso de Desar 
rollo Rural Integral: Huancarani. Thesis for the Department o f Rural Sociology, University 
o f Wageningen, The Netherlands. 
B O S , A.H. 1974. Oordeelvorming in groepen. Wil lens en wetens/wikken en wegen . Polariteit en ritme 
als sleutel tot ontwikkeling van sociale Organismen. PhD thesis Communications Agricultural 
University Wageningen. 
B O U L D I N G , K. 1968. General Systems Theory: The Skeletton o f Science. In: W. Buckley (Ed) 
Modern Systems Research for the Behavioural Scientist, Aldine Publishing, Chicago. 
B R A N E N , A . et a l , 1990. Food Additives. Marcel Dekker Inc., N e w York, U S A . 
B R A V O H. 1978 Las Cactâceas de Mexico. Vol.1 Universidad Nacional Autônoma de Mexico , 
M e x i c o d.f. 
BRITTON N.L . & J.N. R O S E 1963. The Cactaceae. Descriptions and Illustrations of Plants of the 
Cactus Family. Dover publications Vol . 1, Bound 1. N e w York, U S A . 
B R O U W E R S , J.H. A .M. 1993. Rural People "s response to soil fertility decline. The Adja case (Benin). 
PhD thesis , Agricultural University papers no. 93-4 , Agricultural University Wageningen, The 
Netherlands. 
162 
BUSTAMANTE, O.F. 1985. Cosecha, secado y comercializaciôn de la cochinilla (Dactylopius coccus 
Costa) en Ayacucho. En la Memoria del Primer Congreso National de Tuna y Cochinilla. 
Universidad 'San Cristobal de Huamanga', Ayacucho, Peru. 
CARDENAS, M. 1953. Notas Cactolôgicas de Bolivia. Revista de Agricultura VUJ Diciembre. 
Facultad de Sciencias Agronômicas, Universidad Autônoma San Simon de Cochabamba, 
Bolivia. 
CHAMBERS, R. and J. JIGGINS 1987. Agricultural Research for Resource-Poor Farmers. Part I: 
Transfer-of-Technology and Farming Systems Research. Part II: A parsimonious paradigm. 
In: Agricultural Administration and Extension, 27:35-52 (Part I) and 27: 109-128 (Part ÏÏ). 
CHECKLAND, P.B. 1981. System thinking, systems practices. John Wiley and Sons, Chichester, UK. 
CHECKLAND, P.B. 1985. From optimizing to learning: A development of system thinking for the 
1990's. Journal of Operational Research Society 36 (9) 757-767. 
COLLINSON, M.P. 1987. Farming System Research: Procedures for Technology Development. In 
Expl. Agriculture, Vol 23: 365-386. Farming system series 7. Cambridge University Press, 
USA. 
CONDARCO, R. & J. MURRA 1987. La teoria de la complementaridad vertical ECO-Simbiôtica. 
Breve Biblioteca de Bolsillo no. 2, Hisbol, La Paz, Bolivia. 
CONWAY, G.R. 1985a. Agroecosystem Analysis. Agricultural Administration 20 pp 31-55. Elsevier 
Applied Science Publishers Ltd, England. 
CONWAY, G.R. 1985b. Agricultural ecology and farming systems research. In: Agricultural Systems 
Research for Developing Countries, ed.: J.V. Remenyi, ACIAR Proceedings No. 11 of an 
international workshop held at Hawkesbury Agricultural College Richmond, N.S.W., 
Australia. 
CRESPO, E., C. DORADO & M. DUYVESTTJN 1991. Diagnostico de las actividades en salud 
realizadas por las ONGs en el departamento de Cochabamba (1989-1990). ASONGS - Unid-
ad Sanitaria, Cochabamba, Bolivia. 
DA SILVA, J.J.C. 1999. Study on the Blackbird (Agelaius ruficapillus Viellot - Emberizidae, Aves) in 
the rice production area of Southern Rio Grande do Sul, Brazil. Basis for a population control 
management program. PhD thesis Wageningen Agricultural University, The Netherlands. 
DE LOTTO, G. 1974. On the status and identity of the cochineal insects (Homoptera: Coccidea: 
Dactylopiidae). In: Journal of the Entomology Society of South Africa, Vol. 37, No. 1, pp. 167-
193, South Africa. 
DE VRJES, A. 1989. Onderzoek in het eigen werk. Deel 1: Analyse van, bewust of onbewust in het 
werk gehanteerde onderzoeksmethoden. Stichting Onderzoek Je Eigen Werk, Arnhem, The 
Netherlands. 
DONKIN, R.A. 1977. Spanish Red, an Ethnogeographical study of Cochineal and the Opuntia Cactus. 
In: Transactions of the American Philosophical Society, Vol. 67, Part 5, 50 pp., The American 
Philosophical Society, Philadelphia, USA. 
EARLS, J. et al. 1990. Tecnologia Andina, una introduction. Breve Biblioteca de Bolsillo, Hisbol, La 
Paz, Bolivia. 
EIJK van, A.M. 1998. Farming Systems Research and Spirituality, an analysis of the foundations of 
professionalism in developing sustainable farming systems. PhD thesis Wageningen 
Agricultural University, Wageningen, The Netherlands. 
ENGEL, P.G.H. 1995. Facilitating Innovation. An Action oriented Approach and Participatory 
Methodology to improve Innovative Social Practice in Agriculture. PhD thesis of the Depart-
ment of Extension Science, Agricultural University Wageningen, The Netherlands. 
ENSERINK, H.J. 1978. De Ongestekelde Cactus, botanie, écologie, teelt en gebruik. MSc. thesis for 
the department of tropical agriculture, Wageningen Agricultural University, The 
Netherlands. 
FELKER P. 1995. Forage and Fodder Production and Utilization. In: Agroecology, cultivation and 
uses of cactus pear. Eds.: Barbera G., P. Inglese and E. Pimienta-Barrios, FAO plant 
production and protection paper 132, FAO International Technical Cooperation Network on 
Cactus Pear, FAO, Rome, Italy. 
163 
FLORES V. & A. T E K E L E N B U R G , 1995. Dacti (Dactylopius coccus Costa) D y e Production. In: 
Agroecology, cultivation and uses of cactus pear. Eds.: Barbera G., P. Inglese and E. 
Pimienta-Barrios, F A O plant production and protection paper 132, F A O International 
Technical Cooperation Network on Cactus Pear, FAO, Rome, Italy. 
FRESCO, L.O. 1986. Cassave in Shifting Cultivation; A system approach to agricultural technology 
development in Africa. PhD thesis Wageningen Agricultural University, Development 
Oriented Research in Agriculture, Royal Tropical Institute, Amsterdam. 
F U N D A C I Ô N BOLIVIA E X P O R T A (FBE), 1991 . Markets for Cochineal. La Paz, Bolivia. 
F U N D A C I Ö N BOLIVIA E X P O R T A (FBE), 1992. Informe final del 'Proyecto de Investigation Tuna 
y Cochinilla'. Cochabamba, Bolivia. 
G E U R T S , J.A., S.L. H A R T & N . S . C A P L A N 1985. Decis ion techniques and social research: a 
contingency framework for problem solving. In: Human Systems Management North Holland 
5 :333-347, Elsevier Science Publishers B V , The Netherlands. 
GIBSON A . C . & P .S .NOBEL 1986. The Cactus Primer. Harvard University Press, Cambridge, 
Massachusetts , London, UK. 
GOEWIE, A.E. (Ed.) 1995. Inleiding tot de Ecologische Landbouw. Department o f Ecological 
Agriculture, Wageningen Agricultural University, The Netherlands. 
GOEWIE, A.E. 1995. Redesigning methodology for conversion of current farms into ecological 
farms: course reader Msc. ecological agriculture, Wageningen Agricultural University, The 
Netherlands. 
HALL, A . D . 1968. A Methodology for system engineering, p. 85 -91 , Princeton, N e w Jersey. 
HAMILTON, N . A . 1995. Learning to Learn with farmers. An adult learning extension project, case 
study: Queensland, Australia, 1990-1995. PhD thesis o f the Department o f Extension Science, 
Wageningen Agricultural University, The Netherlands. 
HOLLING, C S . 1995. What Barriers? What bridges? In: Barriers and Bridges to the renewal of 
Ecosystems and Institutions. Gunderson, L.H..C.S. Hol l ing and S.S. Light (Eds.) pp. 3-37, 
Colombia Press, N e w York. 
ILDIS 1988. Tenenciay uso de la tierra. Exposiciön del Lie. Miguel Urioste, Debate Agrario N o . 1 3 , 
Instituto Latinoamericano de Investigaciones Sociales , La Paz, Bolivia. 
INE (Instituto Nacional de Estadistica) 1993. Information estadistica regional Cochabamba. 
Ministerio de Planeamiento y Coordinaciön, Instituto de estadistica y Proyecto 
G T Z / P R O A D E , La Paz, Bolivia. 
INGLESE, P. 1995. Orchard Planting and Management. In Agroecology, cultivation and uses of 
cactus pear. Eds.: Barbera G., P. Inglese and E. Pimienta-Barrios, F A O plant production and 
protection paper 132, F A O International Technical Cooperation Network on Cactus Pear, 
FAO, Rome, Italy. 
ITENTEC (PNSTITUTO D E INVESTIGACIÔN TECHNOLOGIA I N D U S T R I A L Y D E N O R M A S 
TÉCNICAS) . 1987-1988. Documentos téenicos 011-203, 205 (Requisitos de calidad), 206, 
207, 208, 209. Lima, Peru. 
JARA, O. 1994. Para sistematizar experiencias, Alforja,, San José, Costa Rica. 
JIGGINS, J. and N . ROLING 2000 . Adaptive Management: Potential and Limitations for Ecological 
Governance. In: International Journal of Agricultural Resources, Governance and Ecology 
(IJARGE) 1 (1) . 
JODHA, N . S . 1989. Mountain Agriculture: Search for Sustainability. Paper presented at the 
International Symposium on "Impacts of Farming System research and Extension on 
Sustainable Agriculture", University o f Arkansas, Fayetteville, October 9-12, Arkansas, U S A . 
JUNGERIUS, P.D. 1985. Perception and Use of the Physical Environment in Peasant Societies. The 
16th Norma Wilkinson Memorial Lecture, Eds. P.Pinch and S. Witt. Reading Geographical 
Papers, Department o f Geography, University o f Reading, UK. 
K A B O U R A K I S . E, 1996. Prototyping and dissemination of ecological o l ive production systems. A 
methodology for designing and a first step towards validation and dissemination o f prototype 
ecological o l ive production systems (EOPS) in Crete. PhD thesis Agricultural University 
Wageningen, The Netherlands. 
164 
KESSLER, J.J., F. T O O R N S T R A and A. H E R I N G A 1997. An Introduction to Strategie Enviromental 
Analysis (SEA): a framework for planning and integration of environmental care in 
development policies and interventions, application for S N V , Netherlands Development 
Organization, The Hague, The Netherlands. 
K L A B B E R S , J. 1983. Instruments for planning and pol icy formation: some methodological 
considerations. In: Proceedings o f the Conference The Essence, Methods and Importance of 
Forcasting held on October 2 0 - 2 1 , . Faculty o f Economics , Subotica, Yugoslavia. 
K O H L v., J. 1978. Peasant and Revolution in Bol ivia , April 9 , 1 9 5 2 - August 2 , 1 9 5 3 . Hispanic Ameri 
can Historical Review V o l 58 (2) , p..23 8-259, Duke University Press, U S A . 
K O L B , D .A . 1984. Experiential Learning: Experience as the source of learning and development. 
Prentice-Hall, E n g l e w o o d Cliffs. 
KOOISTRA, K.P. 1990. Marktonderzoek Cochenille. Vakgroep Marktkunde en Marktonderzoek 
Landbouwuniversiteit Wageningen, The Netherlands. 
K R O O N E N B E R G , H.H. 1992. Het vinden Intreerede, Universiteit van Twente , The Netherlands. 
L A G O S , M.L. 1988. Pathways to Autonomy, Roads to Power: Peasant-Elite Relations in 
Cochabamba (Bolivia, 1900-1985). Submitted in partial fulfillment o f the requirements for 
the degree o f Doctor o f Philosophy in the Graduate School o f Arts and Sciences , Columbia 
University, U S A . 
LAMMERINK, M.P. 1995. Aprendiendo juntos vivencias en investigation participativa. Vanguardia, 
Managua, Nicaragua. 
L U B C H E N C O , J. 1998. Entering the Century o f the Environment: A N e w Social Contract for 
Science. In: Science 2 7 9 : 491-496 . 
M A C A 1978. Boletin Estadistico no. 3. Ministerio de Asuntos Campesinos y Agropecuarios, Direct ion 
Departamental de Cochabamba, Departamento de Estadistica. Cochabamba, Bol ivia . 
M A C A , ENDE & F A O 1985. / Censo Agropecuario 1950. Ministerio de Asuntos Campesinos y 
Agropecuario, Instituto Nacional de Estadfstica y Organization de las Nac iones Unidas para la 
Agriculture y la Al imentaciôn, La Paz, Bolivia. 
M A N S V E L T van, J .D. 1995. Research design & Ecological Agriculture. Workshop F800-204 . 
Department o f Ecological Agriculture, Wageningen Agricultural University, The Netherlands. 
M A R I N R. & F. CISNEROS, 1977. Bio log ia y Morfologfa de la Cochinil la del carmin, Dactylopius 
coccus Costa (Homoptera: Dactylopiidae. In: Revista Peruana de Entomologia, Vo l . 22, N o . l , 
pp .115-120, Lima, Peru. 
M A R I N R. & F. CISNEROS, 1983. Factures que se deben considérer en la production de la 
Cochini l la del Carmin' Dactylopius coccus Costa en ambientes mejorados. Revista Peruana 
de Entomologia. V o l . 26 , N o . l , pp. 81-83 , Lima, Peru. 
M A R R O Q U Î N J. S. et al. 1964. Estudio Ecolôgico Dasonômico de las Zonas Âridas del Norte de 
Mexico. Secretaria de Agriculture y Recuros Hidraulicos, Subsecretaria Forestal y de la 
Fauna. M e x i c o . 
M A T T E R H.E. 1984. Der Einsatz von Opuntien in der Ernährung von Nutztieren. In: Landwirtschaft 
liehe Nutzung von Kakteen und ihre Problematik^ Giessener Beiträge zur Entwicklungsfor-
schung. Ed. A . Whestphal, Reihe 1, B a n d , l l , p .121-132 . Tropeninstitut Giessen, Deutschland. 
M E D I N A , J.G., E. A C U N A & J.A. de la C R U Z 1985. Opuntia Revegetation: A n Agroecological 
Restoration Alternative for Deteriorated Rangelands in Coahuile, M e x i c o . In: Arid Lands 
Today and Tomorrow, proceedings of an International Research and Development 
Conference, October 20-25 ,Tucson, Arizona. Eds. Emi ly E. Whitehead et al. Tucson, U S A . 
M E E R T E N S , H . C . C , J.L. N D E G E & H.J. ENSERINK, 1995. Dynamics in Farming Systems. 
Changes in time and space in Sukumaland, Tanzania. Royal Tropical Institute, Amsterdam, 
The Netherlands. 
M I L L A R D . 1996. Footprints in the mud: Re-constructing the diversities in rural peoples learning 
processes. P h D thesis Agricultural University Wageningen, The Netherlands. 
MOLLISON, B . 1990. Permaculture. A Practical Guide for a Sustainable Future. Island Press, 
Washington, D . C . , U S A . 
M O N T E S D E O C A , C A . 1985. Disefio de un secador solar 'Cochinil la' en zonas rurales, Ayacucho. 
En la Memoria del Primer Congreso National de Tuna y Cochinilla, Universidad 'San 
Cristobal de Huamanga' , Ayacucho , Peru. 
165 
N A S 1976. Nutrient Requirements of Beef Cattle. Nutrient Requirements o f Domest i c Animals . 
National A c a d e m y o f Sciences , Washington D C , U S A . 
N A T I O N A L R E S E A R C H C O U N C I L (NRC) 1989. Lost Crops of the Incas: Little Known Plants of 
the Andes with Promise for Worldwide cultivation. National A c a d e m y Press, Washington, 
D C , U S A . 
N E Y , M. 1967. Carminfarbstoffe und Orseille. Deutsche Lebensmittel Rundschau (63) N o . 6, p.4, 
Germany. 
N N 1993. Cactus pear International Network: an Effort for Productivity and Environmental 
Conservation for Arid and Semi-arid lands. In: Proceedings of the Establishment of the 
International Technical Cooperation Network on Cactus Pear. Ed. E. Pimienta B. , 
Universidad de Guadalajara, M e x i c o . 
N O B E L , P.S. 1988. Environmental biology of agaves and cacti. Cambridge University Press, N e w 
York, U S A . 
N O B E L , PS. 1995. Environmental B io logy . In Agroecology, cultivation and uses of cactus pear. Eds: 
Barbera G., P. Inglese and E. Pimienta-Barrios, F A O plant production and protection paper 
132, F A O International Technical Cooperation Network on Cactus Pear. FAO, Rome, Italy. 
O O M E N , G.J.M. & C. van V E L U W 1994. Analyse en ontwikkeling van ecologische gemengde 
bedrijven. Department o f Ecological Agriculture, Agricultural University Wageningen, The 
Netherlands. 
P A I N T E R M. 1993. Upland-Lowland Production Linkages and Land Degradation in Bolivia. 
Working paper N o . 4 , Series 8, The Institute o f International Studies, University o f 
Minnesota, U S A . 
PEREZ G. & M . K O S Z T A R A B , 1992. Biosystematics of the Family Dactylopiidae (Homoptera: 
Coccinea) with Emphasis on the Life Cycle of Dactylopius coccus Costa. Studies on 
Morphology and Systematics o f scale insects N o . 16, Bulletin 92 -1 , Virginia Agricultural 
Experiment Station, Virginia Polytechnic Institute and State University, Blacksburg, Virginia, 
U S A . 
PHILLIPS, B .S . 1966. Social Research. Strategy and Tactics. Boston University, The Macmil lan 
Company, N e w York, U S A . 
PORTILLO, L. & Z A M A R R I P A , A . D . 1992. Cuatro especies de nopal para la production de grana o 
ochinil la bajo condic iones de protection en Zapopân, Jalisco. Boletin dellnstituto de Botànica 
( IBUG) 1: 4 9 - 6 2 . M e x i c o . 
R E G A L S K Y , P. et al. 1994. Raqaypampa. Los complejos caminos de una comunidad andina. 
C E N D A y las comunidades de Raqaypampa, Cochabamba, Bolivia. 
REIJNTJES, C , B . H A V E R K O R T & A . W A T E R S - B A Y E R 1992. Farming for the Future. An 
Introduction to Low-Extemal-Input and Sustainable Agriculture. MacMil lan & ETC/JLEIA, 
Leusden, The Netherlands. 
R H O A D E S , R E . 1983. Tecnicista versus Campesinista: Praxis and Theory o f Farmer Involvement in 
Agricultural Research. A Post-Harvest Example from the Andes . In: Proceedings of the Work-
shop on Farmers ' Participation in the Development and Evaluation of Agricultural Technolo-
gy. ICRISAT, S A F G R A D , ERAT, Ouagadougou, Burkina-Faso. 
RIST, S. 1991 . Revital izing Indigenous Knowledge . In: ILEIA newsletter Vo l . 7, N o . 3 , Leusden, The 
Netherlands 
RIST, S. & J. S A N M A R T I N 1991. Agroecologia y Saber Campesino en la Conservation de Suelos. 
Col lec t ion A G R U C O N o . l , Ediciones R U N A , Cochabamba, Bol ivia . 
R I V E R A C U S I C A N Q U I , S. 1987. Oppressed but not Defeated. Peasant Struggels among the Aymara 
and Quechua in Bolivia, 1900-1980. U N R I S D United Nations Research Institute For Social 
Development , Participation Programme, U N R I S D / 8 5 . 1 , France. 
RIVERA PIZARRO, A . 1992. Los Terratenientes de Cochabamba. Centro de Estudios de la Realidad 
Econômica y Social (CERES) y Facultad de Ciencias Econômicas y Socio logla ( F A D ES) , 
Cochabamba, Bol ivia . 
RODRIGUEZ, M . & S. S C H O U T E , 1992. El Cultivo de la Tuna - Cochinillay la Participation de las 
Campesinas, estudio en dos comunidades del volle Cochabambino. PITC - T U K U Y P A J , 
Cochabamba, Bol iv ia . 
ROGERS, E.M. 1995. Diffusion of innovations. Free press, N e w York. 
166 
RULING, N . G . 1988. Extension Science Information Systems in Agricultural Development. 
Cambridge University Press. Cambridge, UK. 
RÔLING, N . G . 1994. Platforms for decision-making about eco-systems. In: The Future of the Land. 
Mobilizing and Integrating Knowledge for Land Use Options. Eds. L.O. Fresco, L. 
Stroosnijder, J. B o u m a & H. V a n Keulen. John W i l e y & sons Ltd, Chichester, England. 
RÔLING, N . G 1995. Naar een interactieve landbouwwetenschap. Inaugurele rede uitgesproken op 21 
September 1995 ter gelegenheid van zijn benoeming tot bijzonder hoogleraar Landbouw-
kennissystemen in Ontwikkelingslanden aan de Landbouwuniversiteit te Wageningen, 
Nederland. 
RÔLING, N . G 1996. Towards an Interactive Agricultural Science. In: European Journal of 
Agricultural Education and Extension, Vo l . 2 N o . 4 , pp. 35-48 . 
RÔLESJG, N.G. 1997. The Soft Side o f Land: soc io-economic sustainability o f land use systems. 
International Journal o f Aerospace, Survey and Earth Sciences V o l 3-4 pp. 248 -263 , 
Enschede. 
RÔLING, N.G. and J. JIGGINS 1998. The ecological knowledge system. Chapter 16 in: Facilitating 
Sustainable Agriculture. Participatory Learning and Adaptive Management in Times of 
Environmental Uncertainty. Rôl ing N . and A . Wagemakers (Eds.) , Cambridge University 
Press, Cambridge. 
RÔLING N.G. and A . W A G E M A K E R S 1998. Facilitating Sustainable Agriculture. Participatory 
Learning and Adaptive Management in Times of Environmental Uncertainty. Cambridge 
University Press, Cambridge. 
RÔLING, N .G. 2000 . Gateway to the Global Garden. Beta/Gamma Science for dealing with 
Ecological Rationality. Eighth Annual Hopper Lecture, Oct. University o f Guelph, Canada. 
S A L A S , M.A. 1992. The cultural Dimension o f the Knowledge Conflict in the Andes . Proceedings of 
the Workshop Beyond Farmer First: Rural People's Knowledge, Agricultural Research and 
Extension Practice Workshop, Institute o f Development Studies, University o f Sussex, UK. 
SANCHEZ, L. 1985. Manual Técnico del Manejo de la Tuna y de la Cochinilla. Fondo de Promotion 
de E x p o r t a t i o n s No-Tradicionales (FOPEX), Lima, Peru. 
SANTQ3ANEZ, L.G. 1990. Ciclo Biolôgico, cultivo y aprovechamiento de la cochinilla del Nopal 
(Dactylopius coccus Costa) en el municipio de Villa Diaz Ordaz Tlacolula. Informe de 
servicio social . Universidad Autônoma Metropoliana Xochimi lco , M e x i c o . 
S A N T O S V A R G A S , J. 1982. Diario de un Comandante de la Independencia Americana 1814-1825. 
M e x i c o . 
S C O O N E S , I. and J. T H O M P S O N 1992. Beyond Farmer First. Rural People's Knowledge, 
Agricultural Research and Extension Practice: Towards a Theoretical Framework. 
Beyond Fanners First Overview Paper N o . 1, UED/JDS Institute o f development Studies, 
University o f Sussex, UK. 
SHEINVAR, L. 1995. Taxonomy o f Uti l ized Opuntias. In Agroecology, cultivation and uses of cactus 
pear. Eds.: Barbera G., P. Inglese and E. Pimienta-Barrios, F A O plant production and 
protection paper 132, F A O International Technical Cooperation Network on Cactus Pear, 
F A O , Rome, Italy. 
SIMON, H. 1969. The sciences of the artificial. MIT Press, Cambridge (Mass . ) . 
SMITH, S.M. 1977. Labor Exploitation on Pre-1952 Haciendas in the Lower Val ley o f Cochabamba, 
Bolivia. The Youmal of Developing Areas Vo l . 11, pp.227-244, U S A . 
S O U T H W O O D , T.R.E. 1973. The Insect/Plant Relationship, an Evolutionary perspective. In 
Proceeding of the Royal Entomological Society London, N o . 6, Insect/Plant relationships, p. 3 -
29 . Ed. H.F. van Emden, London, UK. 
STEENHUIJSEN PITERS de, C.B. 1995. Diversity offields and farmers: explaining yield variations 
in northern Cameroon. P h D thesis Wageningen Agricultural University, The Netherlands. 
STRUIF B O N T K E S , T.E. 1993. Dynamics o f Rural Development in Southern Sudan. In System Dyna 
mics Review V o l 9 , N o . 1 (winter 1993) : l -2 . John Wi ley & Sons , Ltd. UK. 
T E K E L E N B U R G , A . 1988. The multi-purpose use o f the Tuna plant. Agricultural development in the 
Bol iv ian Highlands. In: ILEIA Newsletter, Vo l .4 , N o . 4 , p . .22-23, Leusden, The Netherlands. 
167 
T B K E L E N B U R G , A. 1994 . Huancaranimanta Kayku. Historia, Pequefios proyectos autogestionarios 
y actual situation socio-econômica de la comunidad. Comunidad de Huancarani, Provincia 
Ayopaya, Bolivia. 
T E K E L E N B U R G , A . 1995a. La Production de Cochinil la (Dactylopius coccus Costa) en Ambientes 
Semi-controlados, el objetivo ecologico-productivo, l imitaciones (a)biôticas - técnicas y 
perspectivas. En: La Memoria del Sexto Congreso National y Cuarto Congreso International 
sobre Conocimiento y Aprovechamiento del Nopal, Universidad de Guadalajara, 6 al 10 de 
noviembre de 1995, Guadalajara, M e x i c o . 
T E K E L E N B U R G , A . 1995b. Calidad de Cochinil la (Dactylopius coccus Costa) en relat ion con el 
Manejo Post Cosecha. En la Memoria del Sexto Congreso National y Cuarto Congreso Inter-
national sobre Conocimiento y Aprovechamiento del Nopal, Universidad de Guadalajara, 6 al 
10 de Noviembre de 1995, Guadalajara, Mex ico . 
T E K E L E N B U R G , A . & V . O R T U N O , 1992. Product ion de cochinil la Dactylopius coccus Costa en 
ambientes semi-controlados. Proceedings o f the II Congreso International de Tuna y 
Cochinilla, 22 -25 September 1992, Santiago, Chile. 
TRIPP, R. & J. W O O L L E Y 1989. The Planning Stage o/On-Farm Research: Identifying Factors for 
Experimentation. C I M M Y T and CIAT, Mexico , D.F. and Colombia. 
T U K U Y P A J \993n. I Taller de Capacitaciôn: Analisis Integral Projecto Tuna y Cochinilla. Memoria 
18-19 de enero 1993, Camargo, Tukuypaj, Cochabamba, Bolivia. 
T U K U Y P A J 1993b. Estudio delFruto de la Tuna. Tukuypaj, Cochabamba, Bol ivia . 
V A N A S S E L D O N K , J.S.0.1987. Holisme en reductionisme in de landbouwwetenschap: Samen meer 
dan de som der delen. Landbouwkundig tijdschrift 99, Nr.9 , The Netherlands. 
V A N D E FLD3RT, E. 1993. Integrated Pest Management: farmer field schools generate sustainable 
practice. A case study in Central Java evaluating IPM training. Wageningen Agricultural 
University papers 93 -3 , Wageningen 
V A N D E R PLOEG, J.D. 1990. Labour, Markets and Agricultural production. Wes t V i e w Press, 
Boulder, UK. 
V A N KESSEL, J. 1990. Herwaarderen o m te herleven: Produktieritueel en technologisch betoog bij 
de Andesvolken. In: Derde Wereld 9-1/2 pp.77-97, Stichting Derde Wereld Publikaties, 
Ni jmegen, The Netherlands. 
V A N PELT, M.J .F . , 1993. Sustainability-oriented project appraisal for development countries. PhD 
Thesis , Wageningen Agricultural University, Wageningen, The Netherlands. 
V A N R H E E N E N , T. 1995. Farm household level optimal resource allocation. An explorative study in 
the Limestone area of East Java. PhD Thesis Wageningen Agricultural University, 
Wageningen, The Netherlands. 
V A N S C H O U B R O E C K , F.H.J. 1999. Learning to fight a fly: citrus IPM in Bhutan. Ph.D. thesis 
Wageningen University and Research Centre, Wageningen, The Netherlands. 
V A N V E L D H U I Z E N , L. & H. D e Z E E U W 1994. Learning for Participatory Technology 
Development, a training guide. N o . : 0, 1, 2 , 3 , 4 and 5, ETC Foundation, Leusden, The 
Netherlands. 
VEREIJKEN, P. & F. WLTNANDS 1994. Designing Prototypes. Progress Report no . 1 o f the Research 
Network on Integrated and Ecological Arable Farming Systems for E U and associated 
countries, A B - D L O , Wageningen, The Netherlands. 
VEREIJKEN, P. 1999. A methodical w a y o f prototyping integrated and ecological arable farming 
systems (I7EAFS) in interaction with pilot farms. In: Integrated Design: innovation in 
agriculture and resource management. C. Leewis (ed.). Mansholt studies 15, Mansholt 
Institute, Wageningen. 
VILLAVICENCIA, R. 1991 . Influencia del uso del suelo, la deforestation y la quema sobre la 
erosion del suelo en la microcuenca del rio Guayabas, Ayopaya-Bolivia. Tes is para obtener al 
grado de magister en ciencias forestales tropicales en la Facultad de Ciencias Forestales de la 
Universidad Georg August, Göttingen, Germany. 
W C E D ( W O R L D C O M M I S S I O N O N E N V I R O N M E N T A N D D E V E L O P M E N T ) . 1987. Our 
Common Future. Oxford University Press, UK. 
W H E S T P H A L , A . 1984. Landwirtschaftliche Nutzung von Kakteen und ihre Problematik. 
Tropeninstitut Giessen, Reihe I, Band 11, Universität Giessen, Germany. 

Sam en vat tin g 
V e r a f g e l e g e n i n h e t A n d e s - g e b e r g t e v a n he t dépar tement C o c h a b a m b a , B o l i v i a , l ig t e e n 
dorpje o p e e n s t e i l e h e l l i n g g e n a a m d Huancarani . D e b e w o n e r s z i jn h o o f d z a k e l i j k 
k l e i n s c h a l i g e b o e r e n d i e l e v e n v a n g e m e n g d e l a n d b o u w / v e e t e e l t . D e m o g e l i j k h e d e n tot he t 
o p b o u w e n v a n e e n b e s t a a n z i jn d e laatste d e c e n n i a a f g e n o m e n . D a t k o m t d o o r n i e t -duurzaam 
landgebruik . D o o r rechts treekse t o e p a s s i n g v a n l a n d b o u w m e t h o d e n , g e a d v i s e e r d d o o r d e 
l a n d b o u w v o o r l i c h t i n g s d i e n s t a l s m e d e l a n d b o u w p r o j e c t e n , d i e d e landbouwprakt i jk v a n d e 
vruchtbare v a l l e i e n r o n d d e stad C o c h a b a m b a o v e r n a m e n , d a a l d e d e t o c h al z o r g w e k k e n d e 
b o d e m k w a l i t e i t i n körte t ijd. D e s t e e d s s t i jgende pr i jzen v a n c h e m i s c h e l a n d b o u w i n p u t s 
w e r d e n n ie t g e c o m p e n s e e r d d o o r h o g e r e i n k o m s t e n v a n product i e . D e b o e r z a g z i e h 
' g e d w o n g e n ' natuurl i jke h u l p b r o n n e n aan t e spreken . Hij m o e s t d e g r o n d n o g in tens i ever 
b e w e r k e n , a l s m e d e b o s s e n e n gras land o p s te i l e h e l l i n g e n o n t g i n n e n . E e n andere 
o v e r l e v i n g s s t r a t e g i e w a s he t vertaten v a n d e Streek. 
D e z e v o r m v a n l a n d b o u w hee f t ernst ige g e v o l g e n g e h a d v o o r d e Streek. D e b o d e m s z i jn sterk 
geërodeerd . Er i s sprake v a n v o r m i n g v a n a l smaar d ieper w o r d e n d e ravi jnen d ie 
l a n d b o u w g r o n d e n laten v e r z a k k e n e n w e g s p o e l e n , e n d i e z e l f s h u i z e n aantasten . H e t g e b i e d i s 
v o l l e d i g verpauperd , j o n g e m e n s e n m i g r e r e n naar d e Steden o f starten coca tee l t in het 
trop i sche laag land. 
D i v e r s e o n t w i k k e l i n g s p r o j e c t e n v a n o v e r h e i d s i n s t e l l i n g e n e n N i e t - G o u v e r n e m e n t e l e 
Organi sa t i e s (NGOs) M e l d e n z i e h b e z i g m e t he t z o e k e n naar a n t w o o r d e n o p d e z e z e e r 
c o m p l e x e p r o b l e m a t i e k . H o e w e l d e o p l o s s i n g e n d i e a a n g e d r a g e n w e r d e n v e r s c h i l l e n d v a n 
aard w a r e n , b l e v e n h e t o n d e r z o e k e n h e t voor l i cht ings trajec t v a n z u l k e v o o r s t e l l e n o v e r h e t 
a l g e m e e n h e t z e l f d e . B o e r e n w e r d e n n a u w e l i j k s b e t r o k k e n bij d e o n t w i k k e l i n g v a n d ie 
o p l o s s i n g e n , w e l bij d e p r o m o t i e v a n t e c h n o l o g i s c h e pakket ten e n cari tashulp. 
E n k e l e NGOs draa iden d e z a a k o m n a u i t v o e r i n g v a n u i tgebre id e n part ie ipat ie f o n d e r z o e k 
naar o o r z a a k e n g e v o l g v a n d e h u i d i g e s i tuat ie v a n he t boerenbednj f . Zij l i e t en d e b o e r e n z e l f 
s tuderen e n b e s l i s s i n g e n n e m e n o v e r w a t er g e b e u r e n m o e s t . D e vraag w a s h o e d e b o e r e n e e n 
bes taan k o n d e n o p b o u w e n o p b a s i s v a n d e h u i d i g e kwa l i t e i t v a n d e natuurl i jke h u l p b r o n n e n . 
Er w e r d e n t w e e du ide l i jke d o e l s t e l l i n g e n ge formuleerd: 
1 het i n n o v e r e n v a n d e l a n d b o u w m e t b e h u l p v a n d u u r z a m e l a n d b o u w s y s t e m e n m e t inacht-
n e m i n g v a n d e l ä g e kwa l i t e i t v a n d e natuurl i jke h u l p b r o n n e n . H e t p l a n m o e s t u i t e indehj k 
l e i d e n tot d e introduet ie v a n t ee l t en w a a r m e e g e m a r g i n a l i s e e r d e e x - l a n d b o u w g r o n d z o u 
k u n n e n w o r d e n gerehabi l i teerd; 
2 d e organisa t i e e n s c h o l i n g v a n d e b o e r e n w a t m o e s t l e i d e n to t verbeter ing v a n he t 
v e r m ö g e n v a n d e b o e r e n o m het m a n a g e m e n t v a n o n t w i k k e l i n g s p r o c e s s e n z e l f ter hand t e 
n e m e n e n verder t e s turen in e e n s t e e d s v e r a n d e r e n d e c o n t e x t . 
S t e e d s m e e r b o e r e n g e m e e n s c h a p p e n raakten e n t h o u s i a s t o v e r di t c o n c e p t e n m a a k t e n , o f v i a 
d e NGO w e r k z a a m i n h u n g e b i e d o f z e l f s t a n d i g , d e e l u i t v a n h e t L a n d Rehabi l i ta t i e 
P r o g r a m m a (LRP; e e n s a m e n w e r k i n g s v e r b a n d hassen NGOs, o n d e r z o e k s i n s t e l l i n g e n , 
b o e r e n o r g a n i s a t i e s e n e e n o n d e r z o e k p r o j e c t ) . D e eers te b o e r e n g r o e p e n k w a m e n n a ana lyse 
v a n he t p r o b l e e m e n v i s u a l i s e r i n g v a n d e o p l o s s i n g u i t o p d e o n t w i k k e l i n g v a n d e 
ge ïn tegreerde tee l t v a n t u n a (de cac t usv i j g , Opuntia flcus-indica M i l l . ) e n d e c o c h e n i l l e 
( s ch i ld lu i s v o o r d e produc t i e v a n r o d e kleurstof , Dactylopius coccus C o s t a ) . D e z e 
'ontwerproute' w e r d daarna o v e r g e n o m e n d o o r andere b o e r e n o r g a n i s a t i e s . D e W e r e l d b a n k 
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b e s l o o t e e n o n d e r z o e k p r o j e c t ( P I T C ) t e f m a n c i e r e n o m a n t w o o r d e n t e v i n d e n o p t e c h n i s c h e e n 
e c o n o m i s c h e v r a a g s t u k k e n v a n d e tuna- e n c o c h e n i l l e - t e e l t . 
E e n v a n d e g e b i e d e n w a a r i n h e t L R P f u n c t i o n e e r d e w a s d e rurale g e m e e n s c h a p Huancarani , 
g e k o z e n to t c a s u s v a n dit o n d e r z o e k . In n a u w e s a m e n w e r k i n g m e t d e b o e r e n e n h u n 
organ i sa t i e s w e r d e e n d i s c u s s i e p l a t f o r m opger icht , dat p e r m a n e n t m o e s t f u n c t i o n e r e n a l s 
coörd ina t i ecen trum v o o r a l l e ac t iv i t e i t en o p he t g e b i e d v a n rurale o n t w i k k e l i n g . D e 
ac t iv i te i t en b e s t a n d e n o n d e r m e e r u i t e e n sca la v a n v e l d w e r k , p r o m o t i e - e n 
b e s l u i t ^ o r m i n g s a c t i v i t e i t e n , h i s tor i sch o n d e r z o e k , p r o b l e e m a n a l y s e , o n - f a r m e x p e r i m e n t e n e n 
het o n t w e r p e n v a n a l ternat ieve p r o d u c t i e s y s t e m e n . D e ac t iv i te i t en w e r d e n i n t w e e l eer fasen 
i n g e d e e l d : 
- b o e r e n leren v a n o n d e r z o e k e n o n t w e r p e n i n d e praktijk u i t g e v o e r d d o o r h e n z e l f o f d o o r 
anderen e n 
- b o e r e n l e r e n o v e r d e l e e r p r o c e s s e n d ie z i e h t i jdens d e L R P v o l t r o k k e n . O p d i e m a n i e r 
o n t w i e r p e n e n v e r b e t e r d e n b o e r e n h u n e i g e n leertrajecten o m z e l f s t a n d i g e n z e l f b e w u s t d e 
o n t w i k k e l i n g v a n h u n g e b i e d ter h a n d te n e m e n . 
Daarnaast b e s e f t e n z o w e l d e boeren , a l s d e w e t e n s c h a p p e r s e n d e faci l i tator v a n he t L R P 
l a n d b o u w i n n o v a t i e - l e e r p r o c e s dat d e w e r k w i j z e gebruikt k o n w o r d e n v o o r d e aansturing v a n 
n i e u w e l e e r p r o c e s s e n v a n (andere) b o e r e n . D i t kan g e z i e n w o r d e n a l s d e derde l eer fase . 
H o o f d s t u k 1 brengt d e l e z e r o p he t s p o o r v a n interact ieve l e e r p r o c e s s e n v o o r l a n d b o u w -
innovat i e . H e t laat h e t d o e l e n d e re ikwi jdte v a n h e t o n d e r z o e k z i e n . D e b e p e r k i n g e n e n 
m o g e l i j k h e d e n v a n h e t L a n d Rehabi l i ta t i e P r o g r a m m a w o r d e n g e p r e s e n t e e r d aan d e h a n d v a n 
e e n v o o r b e e l d o v e r d e c o m p l e x i t e i t v a n d e ac t i v i t e i t enagenda t i jdens d e p r o b l e e m a n a l y s e . 
H o o f d s t u k 2 gaat d ieper i n o p he t onts taan e n d e u i tvoer ing v a n he t Land Rehabi l i ta t ie 
P r o g r a m m a . D a a r t o e w o r d t eerst e e n ana lyse g e m a a k t v a n d e relat ie t u s s e n h e t gebrek aan 
g o e d e l a n d b o u w g r o n d e n emigrat i e . V e r d e r w o r d t uit d e v e e l h e i d v a n rurale g e m e e n s c h a p p e n 
d ie d e e l n a m e n a a n he t L R P , e e n c a s u s g e s e l e c t e e r d v o o r verdere ana lyse . D e k e u z e v a n 
Huancarani a l s c a s u s v o o r o n d e r z o e k w o r d t b e a r g u m e n t e e r d a a n d e hand v a n d e 
e i g e n s c h a p p e n v a n h e t g e b i e d e n d e m o t i v a t i e v a n d e boeren . Zij w i l d e n z o w e l t e c h n i s c h -
l a n d b o u w k u n d i g i n n o v e r e n a l s p r o c e s m a t i g interact ie f leren. 
H o o f d s t u k 3 beschrij f t h e t g e b i e d i n t e r m e n v a n z i jn b i o t i s c h e e n a b i o t i s c h e kwa l i t e i t en . D e 
g e s c h i e d e n i s v a n h e t l andgebru ik e n l a n d e i g e n d o m w o r d t g e a n a l y s e e r d m e t als d o e l d e 
n e g a t i e v e t e n d e n s e n m e t betje ldcing tot d e kwa l i t e i t v a n d e g r o n d te verklaren. D e h u i d i g e 
p r o d u c t i e w i j z e n e n p r o b l e m e n rond d e b e d r i j f s e c o n o m i e w o r d e n b e s c h r e v e n in t e r m e n v a n 
natuurl i jke h u l p b r o n n e n ( land) , kapitaal e n arbeid. G e n d e r - g e v o e l i g e a s p e c t e n w o r d e n in het 
p e r s p e c t i e f v a n l a n d b o u w i n n o v a t i e geplaatst . U i t d e beschr i jv ing v a n d e cul ture le c o n t e x t v a n 
he t L R P blijkt dat d e b o e r e n in Huancarani reeds o p d iverse w i j z e w a r e n g e o r g a n i s e e r d o m d e 
b e l a n g e n v a n d e b o e r e n o p d e e e n o f andere w i j z e te behart igen: t y p e Inca-organisat i e s , 
b o e r e n v a k b o n d e n , a l s m e d e c o m m i s s i e s e n bes turen v a n ac t iv i te i t en v a n NGOs. O o k w e r d 
duide l i jk dat d e b o e r e n er, in verge l i jk ing m e t w e t e n s c h a p p e r s , e e n g e h e e l e i g e n 
karakter is t ieke v i s i e o p n a h o u d e n w a t betreft he t c o n c e p t o n t w i k k e l i n g , e n o o k 
contrasterende b e s l u i t v o r m i n g s p r o c e d u r e s v o l g e n . 
H o o f d s t u k 4 t o o n t h o e he t w e r k p r o c e s m e t d e H u a n c a r a n i - b o e r e n w e r d aangepakt . Eerst 
w o r d t d e c o m p l e x i t e i t v a n d e p r o b l e m e n v a n H u a n c a r a n i - b o e r e n v a s t g e s t e l d . A a n d e hand 
daarvan w o r d e n v o o r s t e l l e n g e d a a n o m d ie c o m p l e x i t e i t beheersbaar t e kr i jgen d o o r m i d d e l 
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v a n k e u z e n v o o r m é t h o d o l o g i e , p r o c e d u r e s e n ac t iv i te i ten , g e g r o e p e e r d v o l g e n s v ier 
c o m p l e x i t e i t s n i v e a u s v a n h e t p r o b l e e m . O p b a s i s daarvan w o r d t e e n théor ie g e p o n e e r d o v e r 
d e w i j z e w a a r o p d e p r o b l e m e n v a n he t g e b i e d z o u d e n k u n n e n w o r d e n aangepakt . D i t hee f t 
a i l e s t e m a k e n m e t h e t d o e l v a n p e r m a n e n t k u n n e n leren d o o r e n s a m e n m e t b o e r e n . T e n 
s lot te va l t d e théor i e u i t e e n i n drie n i v e a u s v a n l eren d o o r b o e r e n : l eren i n d e praktijk, l eren 
v a n d e praktijk e n l e r e n v o o r d e praktijk. D a a r m e e i s h e t w e r k p r o c e s v o o r d e u i t v o e r i n g v a n 
he t L R P v a s t g e l e g d . 
H o o f d s t u k 5 beschri j f t h o e ident i f icat ie v a n d e p r o b l e m e n v a n d e b o e r e n w o r d t aangepakt . D e 
l a n g e lijst v a n p r o b l e m e n w o r d t v e r v o l g e n s o p drie m a n i e r e n g e a n a l y s e e r d : 
- he t b e p a l e n v a n n e g a t i e v e trends t u s s e n he t boerenbedrij f , d e markt e n d e natuurl i jke 
h u l p b r o n n e n , 
- d e e c o l o g i s c h e i m p a c t v a n d e e n e a g r o - e c o z o n e o p d e andere e n 
- d e pr ior i te i t s s te l l ing i n d e p r o b l e m e n b e k e k e n vanu i t e e n duurzaamheidperspect i e f . 
C lus ter ing m a a k t duide l i jk w a t d e s a m e n h a n g i s t u s s e n p r o b l e m e n e n b e v e s t i g t d e n o o d z a a k 
o m te w e r k e n a a n d e a u t o n o m i e v a n b o e r e n t i jdens o n t w i k k e l i n g s p r o c e s s e n . 
H o o f d s t u k 6 beschri j f t h o e h e t p la t form m e t b e s l i s s i n g s b e v o e g d h e i d ontstaat . U i t d e eerste 
p l a t f o r m d i s c u s s i e s w o r d t duide l i jk w e l k e d o e l e n d e b o e r e n h a d d e n . M e t b e h u l p v a n e e n 
t o e k o m s t v i s i e e n a n a l y s e v a n d e p r o b l e m e n ( z i e H o o f d s t u k 5 ) w o r d e n m a a t s t a v e n 
g e f o r m u l e e r d v o o r d e o p l o s s i n g v a n h u n p r o b l e m e n . D a t le idt u i t e inde l i jk tot o n t w e r p d o e l e n 
o p d e drie l e e r n i v e a u s z o a l s d i e g e d e f i n i e e r d z i jn i n h o o f d s t u k 4 . L e r e n in d e praktijk hee f t to t 
d o e l he t o n t w e r p e n v a n d u u r z a m e l a n d b o u w p r o d u c t i e s y s t e m e n m e t nadruk o p d e tee l t v a n 
tuna e n c o c h e n i l l e . L e r e n van d e praktijk b e o o g t b o e r e n w e e r b a a r t e m a k e n z o d a t zij h e t 
ontwikke l ings tra jec t z e l f ter h a n d k o n d e n n e m e n . D i t d o e l w o r d t g e o p e r a t i o n a l i s e e r d door 
m i d d e l v a n d e u i t g e v o e r d e act iv i te i ten , p r o c e d u r e s e n p r o c e s s e n t e sy s t emat i seren , 
o n d e r k e n n e n e n t e verbeteren . V e r v o l g e n s ' w o r d t g e z o c h t naar pa tronen v a n t o e g e p a s t e 
m é t h o d o l o g i e d i e h e t m o g e l i j k m a k e n n i e u w e l e e r p r o c e s s e n t e o n t w e r p e n . D i t i s h e t d o e l v a n 
leren voor d e praktijk. 
H o o f d s t u k k e n 7 e n 8 b e s p r e k e n d e leerroute v a n b o e r e n i n d e praktijk. N a introduct ies o v e r d e 
tuna-tee l t e n d e c o c h e n i l l e - p r o d u c t i e w o r d e n i n h o o f d s t u k 7 d e aanpak e n resul taten 
b e s c h r e v e n v a n u i t g e v o e r d o n d e r z o e k a l s o n d e r d e e l v a n he t L R P . H o o f d s t u k 8 gaat daarop 
d o o r e n stelt h e t o n t w e r p e n v a n d e ge ïn tegreerde tee l t v a n t u n a e n c o c h e n i l l e centraal . Er 
w o r d e n d i v e r s e s c e n a r i o ' s o n t w i k k e l d e n h e t u i te inde l i jke o n t w e r p , e e n opt imaa l 
p r o d u c t i e s y s t e e m , w o r d t g e M e g r e e r d i n h e t h u i d i g e p r o d u c t i e s y s t e e m v a n d e subtrop i sche 
a g r o - e c o z o n e i n Huancarani . 
H o o f d s t u k 9 n e e m t dan afs tand v a n he t l eren i n d e praktijk e n start e e n a n a l y s e o v e r h o e h e t 
l eren v a n b o e r e n tot s tand k w a m . O p z i c h i s d e creat ie v a n h e t p la t form d e eers te s tratégie o m 
te k u n n e n leren . H e t p la t form staat er n i e t a l l e e n v o o r e n w o r d t o n d e r s t e u n d d o o r t w e e 
o v e r k o e p e l e n d e organ i sa t i e s v a n he t L R P : d e é é n ger icht o p o n d e r z o e k e n p r o m o t i e v a n d e 
tee l t , d e ander o p b o e r e n o r g a n i s a t i e e n expor t v a n c o c h e n i l l e . 
H e t w o r d t duide l i jk dat l eren n a e x p e r i m e n t e e l o n d e r z o e k e n o n t w e r p e n z i c h v o o r n a m e l i j k 
vol trekt l a n g s drie l i jnen: integrat ie v a n k e n n i s v a n l a g e naar h o g e c o m p l e x i t e i t s n i v e a u s , he t 
o n t w e r p v a n e e n p la t form v o o r d i s c u s s i e e n b e s l u i t v o r m i n g , e n he t i n s t e l l e n v a n 
b e s l u i t v o r m i n g s p r o c e d u r e s m e t be trekk ing tot d e s e l e c t i e v a n o n t w o r p e n s c e n a r i o ' s d ie he t 
b e s t e p a s s e n e n d e m e e s t e v o l d o e n i n g g e v e n . D e s tap-voor- s tap integrat ie v e r l o o p t v i a 
resul taten v a n b a s i s o n d e r z o e k (product ie factoren) naar t o e g e p a s t o n d e r z o e k ( t e c h n i s c h e 
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t e e l t h a n d e l i n g e n ) e n h e t o n t w e r p e n v a n harde ( e x a c t e e n r e k e n k u n d i g e ) Systemen o m 
u i te inde l i jk o n d e r d e e l t e w o r d e n v a n 'zachte' b e s l u i t v o r m i n g s s y s t e m e n . E e n v o o r b e e l d v a n d e 
resul taten v a n o n d e r z o e k m e t be trekk ing tot d e kwa l i t e i t v a n c o c h e n i l l e laat z i e n dat integratie 
v a n resul taten v a n o n d e r z o e k e n o n t w e r p v a n harde e n e x a c t e p r o d u c t i e s y s t e m e n ui te indel i jk 
altijd o p g e v o l g d w o r d e n d o o r b e s l u i t v o r m i n g s p r o c e s s e n v a n h e t t y p e 'zachte', m o e i l i j k 
def in ieerbare Systemen. D r i e t e c h n i e k e n s taan centraal o m b e s l u i l v o r m i n g t e onders teunen: 
s t erkte / zwakte a n a l y s e (SWOT), v e r g e l i j k i n g m e t e n z o n d e r projec t ( w i t h - w i t h o u t c a s e ) e n 
Mul t i Criteria A n a l y s e ( M C A ) i n d i v e r s e u i t v o e r i n g e n . 
In h o o f d s t u k 10 w o r d e n d e m e t h o d o l o g i s c h e resul taten, o p g e d a a n t i jdens d e u i t v o e r i n g v a n 
o n d e r z o e k e n o n t w i k k e l i n g s a c t i v i t e i t e n , g e o r d e n d e n g e g r o e p e e r d . V e r v o l g e n s w o r d e n d e z e 
s t u k k e n a l s e e n p u z z e l i n e lkaar geplaats t . D a n bl i jkt dat n a p r o b l e e m a n a l y s e , o n d e r z o e k , 
o n t w e r p e n e n kenn i s in tegra t i e e e n m e t h o d o l o g i s c h gat ontstaat w a a r d o o r a a n g e d r a g e n 
o p l o s s i n g e n n i e t t erugvertaa ld k u n n e n w o r d e n naar d e c o m p l e x i t e i t v a n he t p r o b l e e m in d e 
beg ins i tuat i e . D a a r o m is naas t p r o b l e e m a n a l y s e e e n f a s e n o d i g d ie w i j d o e l d e f i n i ë r i n g h e b b e n 
g e n o e m d , e n naas t h e t harde s y s t e e m - o n t w e r p e n i s h e t o n t w e r p e n v a n z a c h t e 
b e s l u i t v o r m i n g s s y s t e m e n n o o d z a k e l i j k . D i t laatste kan g e d a a n w o r d e n z o w e l d o o r geschürte 
structuren e n m o m e n t e n t e o n t w e r p e n w a a r b o e r e n v a n g e d a c h t e n k u n n e n w i s s e l e n , maar o o k 
d o o r d e s o c i a l e v a a r d i g h e d e n v a n d e b o e r e n in g r o e p s w e r k te verbe teren e n p r o c e d u r e s te 
o n t w e r p e n d i e garanderen dat b o e r e n inspraak e n b e s l i s s i n g s k r a c h t o n t w i k k e l e n . H e t 
o n t w e r p e n v a n l e e r w e g e n v o o r l a n d b o u w i n n o v a t i e k a n s a m e n g e v a t w o r d e n als : 
- t w e e m o g e l i j k h e d e n i n d e v o o r b e r e i d i n g : p r o b l e e m a n a l y s e e n de f in iër ing v a n d o e l e n , 
- daarna g e v e n v i e r i n g a n g e n ( o p v i e r c o m p l e x i t e i t n i v e a u s ) v o o r e e n m e t h o d o l o g i s c h 
v e r v o l g : b a s i s o n d e r z o e k , t o e g e p a s t o n d e r z o e k , h a r d - s y s t e e m o n t w e r p e n e n zacht -
s y s t e e m o n t w e r p e n , 
- v e r v o l g e n s k u n n e n d e resul taten bij e lkaar k o m e n d o o r m i d d e l v a n e e n fa se v a n 
kennis in tegrat i e , 
- u i te inde l i jk w o r d t b e s l u i t v o r m i n g a a n g e b o d e n o p h e t h o o g s t e c o m p l e x i t e i t n i v e a u ( z i e 
F iguur 1 0 . 7 ) . 
D i t s c h e m a Staat b e k e n d a l s d e ' m a n a g e m e n t toolkit ' v o o r he t o n t w e r p e n v a n interact ieve 
l e e r p r o c e s s e n . 
H o o f d s t u k 11 e v a l u e e r t a l l e m e t h o d o l o g i s c h e f a s e n e n d e m a n a g e m e n t too lk i t o p d e v o l g e n d e 
criteria: 
- t e v r e d e n h e i d v a n d e b o e r e n o v e r d e t o e g e p a s t e m é t h o d o l o g i e , i n andere w o o r d e n , de m a t e 
w a a r i n e e n s p e c i f i e k e m é t h o d o l o g i e v o l g e n s d e b o e r e n heef t b i j g e d r a g e n aan he t s u c c è s 
v a n he t L R P , 
- o p i n i e v a n d e b o e r e n o v e r d e m a t e w a a r i n zij a c t i e f h e b b e n gepart ic ipeerd i n h e t L R P , 
- o p i n i e v a n d e b o e r e n o v e r d e kwa l i t e i t v a n d e part ic ipat ie: in teract ieve s trateg ieën . 
O v e r h e t a l g e m e e n z i jn d e s c o r e s v o l d o e n d e (niet g o e d o f z e e r g o e d ) . D a t b e t e k e n t dat d e 
m é t h o d o l o g i e n o g duide l i jk verbeterd k a n w o r d e n . D e z e l f d e m e t h o d o l o g i s c h e f a s e n s c o r e n 
h o o g o p d e drie criteria: d o e l def in iër ing , o n t w e r p v a n z a c h t e Systemen e n kennis integrat ie . 
P r o b l e e m a n a l y s e e n t h e o r e t i s c h e x p e r i m e n t e e l o n d e r z o e k s c o r e n m i n d e r w a t betreft d e 
b i jdrage a a n l a n d b o u w i n n o v a t i e , boerenpart ic ipat ie e n in teract ieve s trateg ieën . S o m m i g e 
f a s e n z i jn m e e r interact ie f dan andere , w a a r d o o r d e to ta le m é t h o d o l o g i e n ie t direct a l s 
interact ie f m a g w o r d e n b e s c h o u w d . D e interact ie v e r b e t e n w e l l i c h t w a n n e e r s p e c i f i e k e 
l e e r w e g e n v a n b o e r e n w o r d e n g e ë v a l u e e r d . D i t k a n echter a l l e e n duide l i jk w o r d e n g e m a a k t 
m e t b e h u l p v a n he t o n t w i k k e l d e m a n a g e m e n t - i n s t r u m e n t . 
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H e t s u c c è s v a n h e t L R P k a n eerder w o r d e n t o e g e s c h r e v e n aan het o n t w e r p e n o p h o g e r e 
c o m p l e x i t e i t n i v e a u s d a n a a n e x p e r i m e n t e e l o n d e r z o e k o p l ä g e c o m p l e x i t e i t s n i v e a u s . B o e r e n 
v e r k i e z e n d e on twerproute b o v e n d e o n d e r z o e k w e g . K e n n i s i n t e g r a t i e i s v a n groot b e l a n g o m 
o p l o s s i n g e n t e creëren o p h e t c o m p l e x i t e i t n i v e a u v a n he t oorspronke l i jke p r o b l e e m . 
U i t e i n d e l i j k e b e s l u i t v o r m i n g s p r o c e s s e n s p e i e n z i e h a f o p he t n i v e a u v a n he t z a c h t e s y s t e e m 
e n w o r d t d o o r d e b o e r e n h o g e l i j k g e w a a r d e e r d . In a l le m e t h o d o l o g i s c h e fa sen w o r d e n v o o r 
e e n d e e l v a n d e ac t iv i t e i t en in teract ieve s trateg ieën g e v o n d e n . D a t b e t e k e n t dat e e n fa se n ie t 
bij voorbaat n o n - i n t e r a c t i e f i s , maar dat vanui t d e m o t i v a t i e v a n d e b o e r e n per g e v a l b e k e k e n 
m o e t w o r d e n h o e interact ie i n g e b o u w d k a n w o r d e n . D e b o e r e n verkr i jgen k e n n i s d o o r m i d d e l 
v a n het u i t v o e r e n v a n m e t h o d o l o g i s c h e c irke l s b o v e n in he t m a n a g e m e n t i n s t r u m e n t v o o r 
interact ieve l e e r p r o c e s s e n : d o e l def in iër ing , o n t w e r p e n v a n z a c h t e Systemen e n 
b e s l u i t v o r m i n g s p r o c e s s e n . Zij part ic iperen beter i n m e t h o d e n e n t e c h n i e k e n d i e zij v a n h o g e r 
b e l a n g a c h t e n v o o r he t s l a g e n v a n he t bedr i j f s innovat i eproces . W e t e n s c h a p p e r s v e r k i e z e n d e 
reduc t ion i s t i s che w e g l ängs p r o b l e e m a n a l y s e , e x p e r i m e n t e e l o n d e r z o e k e n kennis integrat ie . 
H e t i s niet w e n s e l i j k o m b o e r e n t e forceren ac t i e f e n interact ie f dee l t e la ten n e m e n aan a l le 
m e t h o d o l o g i s c h e f a s e n v a n bedri j f s innovat ie . H e t is beter uit te g a a n v a n c o m p l é m e n t a i r e 
bi jdragen v a n d e w e t e n s c h a p p e l i j k e l e e r w e g e n d e leerroute v a n d e boerenprakti jk. 
In het c o n c l u d e r e n d e h o o f d s t u k ( 1 2 ) w o r d t i n g e g a a n o p d e v e r n i e u w e n d e r o l l e n v o o r boeren , 
p r o c e s b e g e l e i d e r s e n w e t e n s c h a p p e r s i n d i e n in teract ieve l e e r p r o c e s s e n w o r d e n nages tree fd . 
B o e r e n z u l l e n g e s c h o o l d m o e t e n w o r d e n o m s a m e n te w e r k e n , b e s l u i t e n te n e m e n e n de 
v e r a n t w o o r d e l i j k h e i d te n e m e n v o o r het o n t w i k k e l i n g s p r o c e s dat zij h e b b e n v e r k o z e n . D e roi 
v a n d e p l a t f o r m b e g e l e i d e r s i s m e e r ger icht o p het b e w a k e n e n s turen v a n he t l eerproces v a n 
d e b e t r o k k e n ac toren dan he t l e v e r e n v a n t e c h n i s c h inhoude l i jke k e n n i s . D e w e t e n s c h a p kan 
e e n bijdrage l e v e r e n aan in teract ieve l e e r p r o c e s s e n d o o r he t inz ichte l i jk m a k e n v a n leer- e n 
b e s l u i t v o r m i n g s p r o c e s s e n , e e n w e t e n s c h a p p e l i j k b a s i s te o n t w e r p e n v o o r d e integratie v a n 
beta- e n g a m m a - s t u d i e s e n d o o r het o n t w i k k e l e n v a n a n a l y s e m e t h o d e n m e t be trekk ing tot d e 
staat v a n l eren v a n b e t r o k k e n actoren. 
B o e r e n z i jn e n b l i j ven d e u i te inde l i jke u i tvoerders v a n d e o n t w o r p e n p lannen . Zij z i jn 
daarmee d e u l t i e m e o n t w e r p e r s e n m o e t e n be trokken z i jn bij de u i t v o e r i n g v a n be langri jke 
fa sen in het o n t w e r p p r o c e s e n o p z i jn m i n s t e e n structurele bi jdrage l e v e r e n w a n n e e r 
resultaten v a n e x p e r i m e n t e e l o n d e r z o e k o f o n t w e r p e n v a n t e c h n i s c h - e c o n o m i s c h e Systemen 
ge ïntegreerd m o e t e n w o r d e n in h o g e r e c o m p l e x i t e i t s n i v e a u s . Zij s taan daar echter niet a l l een 
voor . Zij h e b b e n te m a k e n m e t e e n divers i te i t aan re levante s o c i a l e ac toren waar zij m e e 
m o e t e n c o m m u n i c e r e n e n g e z a m e n l i j k e o p l o s s i n g e n o n t w e r p e n . Interact ieve l a n d b o u w 
innovat i e w i l niet z e g g e n dat a l le ac t iv i te i ten d o o r o f s a m e n m e t b o e r e n m o e t e n w o r d e n 
u i tgevoerd . D a t i s ui t t e c h n i s c h e n soc iaa l o o g p u n t , maar o o k w a t betreft e f f i c iënt ie , niet 
verantwoorde l i jk . W e i i s he t v a n b e l a n g dat b o e r e n het tota le l e erproces contro leren e n 
besturen. P r o c e s b e g e l e i d e r s k u n n e n gebruik m a k e n v a n het m a n a g e m e n t - i n s t r u m e n t v o o r het 
bevorderen v a n de c o m m u n i c a t i e t u s s e n be trokken actoren in de eers te plaats . T e n t w e e d e 
k u n n e n zij dat ins trument g e b r u i k e n v o o r het vergroten v a n e i g e n o v e r z i c h t t i jdens het 
'managen' v a n l a n d b o u w - bedr i j f s innovat ie e n t e n derde , a ls z i jnde e e n ex terne consul tant , 
v o o r het e v a l u e r e n v a n l a n d b o u w i n n o v a t i e p r o g r a m m a ' s . H e t m a n a g e m e n t - i n s t r u m e n t is 
b o v e n d i e n bruikbaar v o o r d e integratie v a n d i v e r s e d i s c i p l i n e s e n v o o r d e organisat ie v a n 
actoren e n m é t h o d o l o g i e in o n t w i k k e l i n g s p r o c e s s e n . 
- J 
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Resumen 
Huancarani e s u n a c o m u n i d a d rural q u e s e encuentra e n u n p e n d i e n t e d e l o s A n d e s e n el 
depar tamento d e C o c h a b a m b a , B o l i v i a . L o s habi tantes s o n e n s u m a y o r i a p e q u e i i o s 
agricul tores q u e v i v e n d e la agricul ture m i x t a . L a s p o s i b i l i d a d e s d e garantizar la v i d a c o m o 
agricultor h a n d i s m i n u i d o e n las u l t i m a s d e c a d a s d e b i d o al u s o n o s o s t e n i b l e d e la tierra. L a 
a p l i c a c i o n d irecta d e m e t o d o s agr ico las , p r o m o v i d o s por las a g e n c i a s d e e x t e n s i 6 n agr ico la y 
p r o y e c t o s "copiados" d e la pract ica agr i co la d e v a l l e s fert i les a lrededor d e la c i u d a d d e 
C o c h a b a m b a , bajo e n u n cor to t i e m p o la y a preocupant e ca l idad de l s u e l o . L a a l z a d e p r e c i o s 
d e i n s u m o s agr i co la s , la cua l cont inua , n o fue c o m p e n s a d a p o r i n g r e s o s m a s a l tos . L o s 
agricul tores ( c a m p e s i n o s ) s e s in t i eron f o r z a d o s a ut i l izar l o s recursos naturales y trabajar la 
tierra e n f o r m a m a s i n t e n s i v a , a d e m a s de l u s o p r o d u c t i v o d e b o s q u e s y p a s t i z a l e s e n tierras 
c o n u n fuerte p e n d i e n t e . Otra es trateg ia d i ferente d e sobrev iv ir , fue la e m i g r a t i o n d e la z o n a . 
Es te s i s t e m a agr i co la t u v o s u i m p a c t o n e g a t i v o e n la z o n a . L o s s u e l o s fueron fuer temente 
e r o s i o n a d o s . S e produjeron carcavas cada v e z m a s profundas arrastrando las c a p a s d e s u e l o y 
des t ruyendo a l g u n a s c a s a s . L a r e g i o n e s c o m p l e t a m e n t e margina l y l o s j o v e n e s h a n d e c i d i d o 
salir h a c i a l a s c i u d a d e s o ded icarse al c u l t i v o d e c o c a e n z o n a s t rop ica les . 
D i v e r s a s p r o y e c t o s d e desarro l lo d e Ins t i tuc iones Estata les u O r g a n i z a c i o n e s N o 
G u b e r n a m e n t a l e s ( O N G s ) s e d e d i c a r o n a buscar respues tas a e s ta p r o b l e m a t i c a c o m p l e j a . 
A u n q u e las s o l u c i o n e s p r o p u e s t a s fueron d e dist inta i n d o l e , la m e t o d o l o g i a d e i n v e s t i g a t i o n y 
e x t e n s i o n d e e s ta s p r o p u e s t a s fue g e n e r a l m e n t e la m i s m a . L o s agr icul tores cas i n o fueron 
inv i tados a desarrol lar e s ta s propues tas , s i n e m b a r g o ayudaron e n la p r o m o t i o n d e paque te s 
t e c n o l o g i c o s y a y u d a d e t ipo caritas . 
A l g u n a s O N G s c a m b i a r o n s u e n f o q u e d e i n v e s t i g a t i o n profunda sobre c a u s a y c o n s e c u e n c i a 
d e la s i t u a t i o n actual d e la e m p r e s a agr i co la e inv i taron a l o s agr icu l tores a es tudiar y dec id ir 
sobre l o q u e s e d e b i a hacer . Para re so lver e l p r o b l e m a d e c o m o l o s agr icu l tores podr ian 
garantizar s u s u p e r v i v e n c i a e n b a s e d e la ca l idad d e l o s recursos natura les , s e formularon d o s 
o b j e t i v o s c laros : 
1. L a I n n o v a t i o n A g r i c o l a m e d i a n t e s i s t e m a s agr ico las s o s t e n i b l e s y t o m a n d o e n cuenta la 
baja ca l idad d e l o s recursos naturales . E l p l a n d e b i a ser d ir ig ido a la i n t r o d u c t i o n d e 
c u l t i v o s q u e p o d r i a n rehabil i tar las tierras agr ico las marg inadas . 
2 . L a o r g a n i z a t i o n y c a p a c i t a c i o n d e l o s agr icul tores h a c i a el m e j o r a m i e n t o d e la c a p a c i d a d 
de e l l o s para t o m a r e n s u s m a n o s y guiar la g e s t i o n d e desarrol lo e n u n c o n t e x t o 
c a m b i a n t e . 
Otras c o m u n i d a d e s s e fueron e n t u s i a s m a n d o c o n e s t e n u e v o c o n c e p t o y s e incorporaron v i a la 
O N G q u e trabajaba e n la z o n a o p o r prop ia m o t i v a t i o n , e n el Programa d e R e h a b i l i t a t i o n d e 
Tierra ( L R P : u n a c o o r d i n a t i o n inter inst i tuc ional entre O N G s , i n s t i t u c i o n e s d e i n v e s t i g a t i o n , 
o r g a n i z a c i o n e s c a m p e s i n a s y un p r o y e c t o d e i n v e s t i g a t i o n ) . L o s p r i m e r o s g r u p o s d e 
agr icul tores ident i f i caron e l c u l t i v o integral d e tuna (Opunita ficus-indica M i l l . ) y c o c h i n i l l a 
(Dactylopius coccus Cos ta ; i n s e c t o q u e s i rve c o m o mater ia p r i m a para la p r o d u c t i o n d e 
co lorante rojo) . E s t a n u e v a f o r m a d e disef io fue " c o p i a d o " por otras o r g a n i z a c i o n e s 
c a m p e s i n a s . A d e m a s , e l B a n c o M u n d i a l d e c i d i o f inanciar u n p r o y e c t o d e i n v e s t i g a t i o n 
( P I T C ) e n b u s q u e d a d e respues tas a preguntas t e c n i c a s y a s u n t o s e c o n o m i c o s d e l c u l t i v o d e 
tuna y coch in i l l a . 
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U n a d e las z o n a s d o n d e e l L R P f u n c i o n a b a era la c o m u n i d a d Huancarani , s e l e c c i o n a d a c o m o 
e s t u d i o d e c a s o para e s t a i n v e s t i g a t i o n . S e creô m e d i a n t e u n a a c t i v a c o o p e r a t i o n d e l o s 
agr icu l tores y s u s o r g a n i z a t i o n s d e b a s e , u n a p la ta forma d e d i s c u s i ô n p e r m a n e n t e c o m o 
centra d e c o o r d i n a t i o n para t o d o tipo d e a c t i v i d a d e s e n el area d e desarro l lo rural. Las 
a c t i v i d a d e s i n c l u y e r o n entre otras: trabajo d e c a m p o , p r o m o t i o n y t o m a d e d e c i s i o n e s , 
i n v e s t i g a t i o n h i s tôr ica , a n â l i s i s d e la p r o b l e m â t i c a , i n v e s t i g a t i o n e x p e r i m e n t a l e n finca y 
disef io d e s i s t e m a s d e p r o d u c t i o n alternativa. Las a c t i v i d a d e s fueron c la s i f i cadas e n d o s f a s e s 
d e aprendizaje: 
- L o s agr icu l tores a p r e n d e n m e d i a n t e i n v e s t i g a t i o n y d i s e n o e n la prâct ica, rea l i zado por 
e l l o s m i s m o s o por o tros y 
- L o s agr icu l tores a p r e n d e n s o b r e l o s p r o c e s o s , l o s c u a l e s s e e f ec tuaron durante e l 
f u n c i o n a m i e n t o d e l L R P . A s i , l o s agr icul tores disef laron y m e j o r a r o n s u p r o p i o l i n e a d e 
aprendizaje c o n e l fin d e autoges t ionar d e m a n e r a c o n s c i e n t e e in terdependiente , s u 
c a m i n o d e desarro l lo e n la z o n a . 
A l m i s m o t i e m p o , l o s agr icu l tores y l o s fac i l i tadores d e l p r o c e s o d e aprendizaje sobre 
i n n o v a t i o n agr ico la , s e d i eron c u e n t a q u e la f o r m a d e trabajar p u d e ser u t i l i zado para la 
g e s t i o n d e n u e v o s p r o c e s o s d e aprendizaje d e otros agr icu l tores . E s t o fixe e n t e n d i d o c o m o la 
tercera fase d e aprendizaje . 
E l cap i tu lo 1 U e v a e l l ec tor h a c i a la h u e l l a de p r o c e s o s d e aprendizaje i n t e r a c t i v e descr ibe e l 
o b j e t i v o y l a a m p l i t u d d e la i n v e s t i g a t i o n . Las l i m i t a c i o n e s y opor tun idades de l L R P s o n 
presen tadas m e d i a n t e u n e j e m p l o s o b r e la c o m p l e j i d a d d e la a g e n d a d e a c t i v i d a d e s durante el 
anâ l i s i s de l p r o b l e m a . 
E n el cap i tu lo 2 s e ana l i za d e m a n e r a pro funda la c r e a t i o n y r e a l i z a t i o n del L R P . Pr imero s e 
rea l i za u n anâ l i s i s s o b r e la r e l a t i o n entre la fal ta d e tierra a g r i c o l a d e b u e n a ca l idad y la 
e m i g r a t i o n d e la p o b l a c i ô n . P o s t e r i o r m e n t e s e s e l e c c i o n a entre u n a mul t i tud d e c o m u n i d a d e s 
rurales q u e part ic iparon e n e l L R P , e l e s t u d i o d e c a s o para cont inuar e l anâ l i s i s . L a s e l e c t i o n 
d e Huancaran i c o m o e s t u d i o d e c a s o fue a r g u m e n t a d a p o r s u s caracter is t icas d e la z o n a y la 
m o t i v a t i o n d e s u s hab i tantes para innovar , tanto d e m a n e r a t é e n i c a ( e n s u s f incas ) c o m o e n e l 
s e n t i d o d e p r o c e s o ( d e aprendizaje interact ivo) . 
E n e l cap i tu lo 3 s e h a c e u n a d e s c r i p t i o n d e la z o n a e n t é r m i n o s d e las caracter is t icas b i ô t i c a s 
y ab iô t i cas . L a h i s tor ia d e l u s o d e la tierra y la t e n e n c i a d e tierra e s a n a l i z a d o c o n e l fin d e 
aclarar l a s t e n d e n c i a s n e g a t i v a s r e l a c i o n a d a s c o n la ca l idad d e la tierra. E l s i s t e m a d e 
p r o d u c t i o n actual y l o s p r o b l e m a s e c o n ô m i c o s d e la f inca, e s tân descr i to e n t é r m i n o s d e 
recursos naturales (tierra), capital y m a n o d e obra. E l e n f o q u e d e g é n e r o s e p o n e e n la 
p e r s p e c t i v a d e la i n n o v a t i o n agr ico la . U n a d e s c r i p t i o n de l c o n t e x t e cultural de l L R P 
m e n c i o n a c o m o l o s agr icu l tores d e Huancaran i f u e r o n o r g a n i z a d o s d e dis t inta f o r m a c o n e l 
fin d e re iv ind icar l o s d i ferentes in t ere se s p r é s e n t e s e n e s t e sector: o r g a n i z a c i o n e s d e t ipo Inca, 
s i n d i c a t o s c a m p e s i n o s , c o m i s i o n e s y d irec t ivas d e a c t i v i d a d e s d e O N G s . Otro a s p e c t o 
importante e n e s t e cap i tu lo , e s la c o n s t a t a t i o n d e q u e l o s agr icu l tores e n c o m p a r a c i o n c o n l o s 
a c a d é m i c o s , t i e n e n u n a v i s i o n caracterist ica s o b r e e l c o n c e p t o d e desarrol lo y s i g u e n 
p r o c e d i m i e n t o s d e t o m a d e d e c i s i o n e s contrastantes . 
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El cap i tu lo 4 m u e s t r a e l p r o c e s o d e trabajo c o n l o s agr icul tores d e Huancarani . Pr imero s e 
d é t e r m i n é la c o m p l e j i d a d d e l o s p r o b l e m a s de l s e c t o r para l u e g o proponer es trategias q u e 
permit ieran m a n e j a r e s ta s i t u a c i ô n m e d i a n t e la s e l e c c i ô n d e m é t o d o s , p r o c e d i m i e n t o s y 
a c t i v i d a d e s agrupados e n cuatro n i v e l é s d e c o m p l e j i d a d de l p r o b l e m a . S o b r e e s ta b a s e , s e 
p r o p o n e u n a teor ia sobre las es trategias para enfrentar l o s p r o b l e m a s d e la z o n a . E s t o es ta 
re lac ionado c o n e l o b j e t i v o de l aprendizaje p e r m a n e n t e por parte d e l o s agr icul tores y e l 
aprender e n c o n j u n t o c o n e l l o s . F i n a l m e n t e l a t eor ia s e d e s g l o s a e n très n i v e l é s d e 
aprendizaje: "aprender e n l a prâct ica", aprender d e l a prâct ica" y "aprender para la prâctica". 
D e es ta m a n e r a q u e d a e s t a b l e c i d o e l p r o c e s o d e trabajo d e la e j e c u c i ô n d e l L R P . 
El cap i tu lo 5 o f r e c e u n a d e s c r i p t i o n sobre c ô m o s e ident i f i ée l o s p r o b l e m a s d e l o s 
agricul tores . L a larga l i s ta d e p r o b l e m a s t u e ana l i zada e n très e tapas: 
- la d é t e r m i n a t i o n d e las t e n d e n c i a s n e g a t i v a s entre la finca, e l m e r c a d o y l o s recursos 
naturales; 
- e l i m p a c t o n e g a t i v o entre u n a z o n a agro - e c o l ô g i c a y otra y; 
- la pr ior i zac iôn d e l o s p r o b l e m a s d e s d e la p e r s p e c t i v a d e la so s t en ib i l idad . 
L a o r g a n i z a c i ô n d e e s t e trabajo, i m p l i c ô indicar las r e l a c i o n e s entre p r o b l e m a s y c o n f i r m é la 
n e c e s i d a d d e tocar la a u t o n o m i a d e l o s agr icul tores e n l o s p r o c e s o s d e desarro l lo . 
E n e l cap i tu lo 6 s e d e s c r i b e e l p r o c e s o d e c r é a t i o n d e la p la ta forma d e t o m a d e d e c i s i o n e s . 
Durante las pr imeras d i s c u s i o n e s , l o s o b j e t i v o s d e i n n o v a t i o n agr i co la d e l o s agr icul tores 
fueron ac larados . C o n la a y u d a d e u n a v i s i o n sobre e l futuro y e l anâ l i s i s d e la p r o b l e m â t i c a 
( v é a s e C a p i t u l o 5 ) , s e f o r m u l é las m e t a s para s o l u c i o n a r s u s p r o b l e m a s . F i n a l m e n t e , s e l l e g ô a 
o b j e t i v o s d e disef io para l o s très n i v e l é s d e aprendizaje d e f i n i d o s e n cap i tu lo 4 . "Aprender en 
la prâctica" t u v o c o m o o b j e t i v o e l disef io d e s i s t e m a s p r o d u c t i v o s d e la agr icul ture s o s t e n i b l e 
c o n énfas i s e n e l c u l t i v o d e t u n a y c o c h i n i l l a . "Aprender de la prâct ica" t u v o c o m o o b j e t i v o 
reforzar la a u t o n o m i a para autoges t ionar s u p r o p i o l înea d e desarro l lo . E s t e o b j e t i v o fue 
o p e r a c i o n a l i z a d o m e d i a n t e la s i s t e m a t i z a c i é n d e las ac t i v idades , p r o c e d i m i e n t o s y p r o c e s o s . 
D e s p u é s , s e b u s c ô pa trones d e m e t o d o l o g i a apl icada , l o q u e p e r m i t e disefiar n u e v o s p r o c e s o s 
d e aprendizaje . E s t o û l t i m o résu l té e n e l o b j e t i v o d e "aprenderpara l a prâctica". 
L o s c a p i t u l o s 7 y 8 tratan d e l p r o c e s o d e aprendizaje d e l o s agr icul tores e n la prâctica. L u e g o 
d e u n a i n t r o d u c t i o n s o b r e e l c u l t i v o d e t u n a y la p r o d u c t i o n d e c o c h i n i l l a , e l cap i tu lo 7 n o s 
révé la e l p l a n y re su l tados d e l a i n v e s t i g a t i o n rea l i zada c o m o parte d e l L R P . E l cap i tu lo 8 
cont inua u b i c a n d o c o m o e je central , e l disef io d e l c u l t i v o intégral d e t u n a y c o c h i n i l l a . S e 
desarrol laron d i v e r s o s e s c e n a r i o s y e l disef io final d e u n s i s t e m a p r o d u c t i v o o p t i m i z a d o , fue 
integrado c o n e l s i s t e m a d e p r o d u c c i ô n actual e n la a g r o e c o z o n a subtropica l e n Huancarani . 
E l capi tu lo 9 t o m a d i s tanc ia d e aprender e n la prâct ica y c o m i e n z a c o n u n anâ l i s i s sobre e l 
c ô m o s e l o g r ô e l aprendizaje por parte d e l o s agr icul tores . L a c r e a c i ô n d e u n a p la ta forma e s 
e n s i m i s m o , la pr imera es trategia para p o d e r aprender. L a p la ta forma n o fue a i s lada y t u e 
a p o y a d a por d o s c o o r d i n a c i o n e s in ter ins t i tuc iona les del L R P : u n a c o n e l e n f o q u e d e 
i n v e s t i g a t i o n y p r o m o t i o n y l a otra, para la o r g a n i z a c i ô n c a m p e s i n a y e x p o r t a t i o n de 
coch in i l l a . 
Q u e d a e n e v i d e n c i a q u e e l aprender, d e s p u é s d e la i n v e s t i g a t i o n e x p é r i m e n t a l y e l disef io , s e 
rea l iza m e d i a n t e très c a m i n o s : 
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- la i n t é g r a t i o n d e c o n o c i m i e n t o s d e s d e n i v e l é s d e baja a alta c o m p l e j i d a d , 
- e l d isef lo d e p la ta formas d e d i s c u s i ô n y 
- la a p l i c a c i ô n y p r o c e d i m i e n t o s d e t o m a d e d e c i s i o n e s , m e d i a n t e la s e l e c c i ô n de l e s c e n a r i o 
disef lado y la o p c i ô n m a s a d e c u a d a d e acuerdo al m a y o r grado d e s a t i s f a c t i o n . 
L a in tegrac iön d e c o n o c i m i e n t o s , p a s o por p a s o , s e o b t i e n e p o r m e d i o d e resu l tados d e 
i n v e s t i g a t i o n b â s i c a ( fac tores d e p r o d u c t i o n ) v i a i n v e s t i g a t i o n ap l i cada ( m a n e j o t é c n i c o ) , v i a 
e l disef io d e "s i s temas duras" ( m o d e l o s e x a c t e s y m a t e m â t i c o s ) para finalmente i n c o r p o r a t e 
e n "s i s temas m a s b l a n d o s " d e t o m a d e d e c i s i o n e s . U n e j e m p l o d e l o s re su l tados d e la 
i n v e s t i g a t i o n e n e l t e m a d e ca l idad d e c o c h i n i l l a , n o s d e m u e s t r a q u e l a in t egrac iön d e 
resu l tados d e i n v e s t i g a t i o n e x p é r i m e n t a l y el disef io d e s i s t e m a s p r o d u c t i v o s , s i e m p r e e s 
c o n t i n u a d o p o r p r o c e s o s d e t o m a d e d e c i s i o n e s q u e n o s i e m p r e e s fâc i l d e définir. Très 
t é c n i c a s a p o y a r o n la t o m a d e d e c i s i o n e s : F O D A (Forta lezas , Opor t un idades , D e b i l i d a d e s y 
A m e n a z a s ) , la c o m p a r a c i ö n c o n y s i n p r o y e c t o y e l A n â l i s i s d e Cri ter ios M u l t i p l e s e n d iversas 
e j e c u c i o n e s . 
E n e l cap i tu lo 10 s e o r d e n a y agrupa l o s resu l tados m e t o d o l ô g i c o s d e la e j e c u c i ô n d e la 
i n v e s t i g a t i o n y las a c t i v i d a d e s d e desarrol lo de l L R P . S e j u n t a n e s t e s p e d a z o s c o m o u n a 
r o m p e c a b e z a s , q u e d a n d o e n e v i d e n c i a u n " h u e c o m e t o d o l ô g i c o " d e s p u é s de l anâ l i s i s de l 
p r o b l e m a , la i n v e s t i g a t i o n e x p e r i m e n t a l y el disef io e in tegrac iön d e c o n o c i m i e n t o s , por e l 
cuâ l las propues tas d e s o l u c i o n e s n o p u e d e n ser traducidas e n e l n i v e l d e c o m p l e j i d a d in i t ia l . 
Por e s ta razôn , j u n t o c o n e l anâ l i s i s d e l o s p r o b l e m a s , s e n e c e s i t a u n a fase m e t o d o l ô g i c a 
l l a m a d a definition d e o b j e t i v o s . 
A d e m â s , e s n e c e s a r i o c o m p l e m e n t a r e l disef io d e s i s t e m a s p r o d u c t i v o s c o n e l disef io d e 
"s i s temas b l a n d o s " d e t o m a d e d e c i s i o n e s . E s t e s e o b t i e n e n o s o l o m e d i a n t e e l disef io d e 
estructuras d e trabajo y u n a m b i e n t e a d e c u a d o para q u e l o s agr icu l tores in tercambien s u s 
o p i n i o n e s , a d e m â s e s importante e l m e j o r a m i e n t o d e las c a p a c i d a d e s s o c i a l e s e n el trabajo d e 
g r u p o s y e l desarro l lo d e p r o c e d i m i e n t o s q u e garant icen a l o s agr icul tores , u n m e j o r a m i e n t o 
e n s u p a r t i c i p a t i o n y u n p o d e r d e c i s i v o . 
E l disef io d e p r o c e s o s d e aprendizaje para la i n n o v a t i o n agr ico la s e p u e d e resumir en: 
- D o s o p o r t u n i d a d e s durante la preparat ion: anâ l i s i s del p r o b l e m a y d e f i n i t i o n d e o b j e t i v o s ; 
- U n a c o n t i n u a t i o n m e t o d o l ô g i c a c o n cuatro entradas d e e s t u d i o s ( e n cuatro n i v e l é s de 
c o m p l e j i d a d ) , u n a i n v e s t i g a t i o n e x p e r i m e n t a l bâs ica , u n a i n v e s t i g a t i o n exper imenta l 
ap l i cada y el disef io d e "s i s temas duras y b landos"; 
- E n u n a f a s e d e i n t e g r a t i o n d e c o n o c i m i e n t o s s e j u n t a n l o s re su l tados d e l o s cuatro n i v e l é s 
d e c o m p l e j i d a d ; y 
- F i n a l m e n t e u n a fase d e t o m a d e d e c i s i o n e s q u e s e o b t i e n e e n el n i v e l d e c o m p l e j i d a d m â s 
al to ( v é a s e F i g u r a 10.7). 
E s t e e s q u e m a s e l l a m a e l i n s t r u m e n t e d e gestion para e l d i s e n o d e p r o c e s o s d e aprendizaje 
interact ivo . 
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E n e l capitule- 11 s e é v a l u a t o d a s las f a s e s m e t o d o l ô g i c o s y e l in s t rumento d e g e s t i o n 
m e d i a n t e l o s s i g u i e n t e s cr i ter ios: 
- L a s a t i s f a c t i o n d e l o s agricul tures sobre la m e t o d o l o g i a apl icada , e s dec ir , e l grado e n q u e 
la m e t o d o l o g i a a p o y ô al é x i t o de l L R P ; 
- L a o p i n i o n d e l o s agr icul tures sobre e l grado d e p a r t i c i p a t i o n a c t i v a e n e l L R P y; 
- L a o p i n i o n d e l o s agr icul tures sobre l a ca l idad d e s u par t i c ipa t ion : es trategias d e 
in terac t ion . 
E n genera l las n o t a s f u e r o n regular. E s t o s i g n i f i c a q u e la m e t o d o l o g i a p u e d e ser m e j o r a d a 
todav ia . Las m i s m a s f a s e s m e t o d o l ô g i c a s t u v i e r o n n o t a s altas para l o s très ind icadores : 
d e f i n i t i o n d e o b j e t i v o s , d isef io d e s i s t e m a s W a n d o s e i n t e g r a t i o n d e c o n o c i m i e n t o s . A n â l i s i s 
d e p r o b l e m a s e i n v e s t i g a t i o n e x p e r i m e n t a l b â s i c a , lograron n i v e l é s m a s b a j o s d e c o n t r i b u t i o n 
a i n n o v a t i o n agraria, p a r t i c i p a t i o n c a m p e s i n a y es trategias interact ivas . A l g u n a s f a s e s fueron 
m a s interact ivas q u e orras, p o r l o cual , la m e t o d o l o g i a total n o p u e d e ser d e t e r m i n a d o c o m o 
interact iva. L a i n t e r a c t i o n m e j o r a p o s i b l e m e n t e c u a n d o s o n e v a l u a d o s l o s c a m i n o s d e 
aprendizaje d e a l g u n o s c a m p e s i n o s e s p e c i f i c o s . S i n e m b a r g o , e s t a s i t u a t i o n n o s e p u e d e 
exp l i car s i n la a y u d a d e u n ins trumento d e g e s t i o n . 
E l é x i t o d e l L R P s e p u e d e as ignar e n m a y o r grado al disef io e n n i v e l é s d e alta c o m p l e j i d a d , 
q u e a la i n v e s t i g a t i o n e x p e r i m e n t a l e n n i v e l é s d e baja c o m p l e j i d a d . L o s agricul tures prefer ian 
e l disef io s o b r e la i n v e s t i g a t i o n e x p é r i m e n t a l . L a i n t e g r a t i o n d e c o n o c i m i e n t o s e s m u y 
importante para crear y s intet izar s o l u c i o n e s al n i v e l d e c o m p l e j i d a d de l p r o b l e m a i n i t i a l . L a 
t o m a d e d e c i s i o n e s f inal s e rea l i za e n e l n i v e l d e s i s t e m a s b l a n d o s , la cua l e s a l tamente 
va lorada por l o s c a m p e s i n o s . T o d a s las f a s e s m e t o d o l ô g i c a s c o n t i e n e n u n a o u n a s ac t iv idades 
c o n es trateg ias interact ivas . E s t o s ign i f i ca q u e u n a fase e n s i m i s m o n o s e p u e d e c las i f icar a 
priori c o m o no- interact iva , pero s i s e d e b e estudiar s e g u n la m o t i v a t i o n d e l o s agricultures , 
c ô m o incorporar la i n t e r a c t i o n e n c a d a c a s o . L o s agricul tures i n c r e m e n t a r o n s u c o n o c i m i e n t o 
m e d i a n t e la a p l i c a c i ô n d e c i rcu los m e t o d o l ô g i c o s e n e l ins trumento d e g e s t i o n para e l disef io 
d e p r o c e s o s d e aprendizaje interact ivo: d e f i n i t i o n d e o b j e t i v o s , disef io d e s i s t e m a s b l a n d o s y 
p r o c e s o s d e t o m a d e d e c i s i o n e s . E l l o s part ic iparon m â s a c t i v a m e n t e e n m é t o d o s y t é e n i c a s 
c u a n d o a s i g n a r o n a e s ta s m â s i m p o r t a n c i a para la i n n o v a t i o n agr ico la . E n genera l , l o s 
a c a d é m i c o s pref ieren e l c a m i n o d e l r e d u c c i o n i s m o a través d e l anâ l i s i s de l p r o b l e m a , la 
i n v e s t i g a t i o n e x p e r i m e n t a l y l a i n t e g r a t i o n d e c o n o c i m i e n t o . N o e s a d e c u a d o forzar a l o s 
agricul tures a participar o interactuar a c t i v a m e n t e e n t o d a s las f a s e s d e l a i n n o v a t i o n agr ico la . 
E s m e j o r partir d e c o n t r i b u c i o n e s c o m p l e m e n t a r i a s entre e l c a m i n o d e aprendizaje a c a d é m i c o 
y e l c a m i n o d e la pract i ca agr ico la . 
E n e l cap i tu lo 12 las c o n c l u s i o n e s es tân d ir ig idas a l o s n u e v o s ro l e s para l o s agricultures , 
fac i l i tadores d e p r o c e s o s y a c a d é m i c o s , c u a n d o s e b u s c a p r o c e s o s d e aprendizaje interact ivo . 
L o s agr icul tures d e b e n ser c a p a c i t a d o s para trabajar e n grupo , t o m a r d e c i s i o n e s y 
r e s p o n s a b i l i d a d e s para ejecutar las a l ternat ivas s e l e c c i o n a d a s . E l pape l q u e j u e g a e l fac i l i tador 
t i ene q u e v e r m â s c o n e l c u i d a d o y s e g u i m i e n t o de l p r o c e s o d e aprendizaje q u e c o n la 
c o n t r i b u t i o n e n c o n o c i m i e n t o s t é e n i c o s . L a c i e n c i a p u e d e contribuir a l o s p r o c e s o s d e 
aprendizaje interact ivo m e d i a n t e la v i s u a l i z a t i o n d e l o s p r o c e s o s d e aprendizaje y t o m a d e 
d e c i s i o n e s , e n e l disef io d e u n a b a s e c ientf f ica para la i n t e g r a t i o n d e e s t u d i o s b e t a - g a m m a y 
m e d i a n t e e l desarrol lo d e m é t o d o s ana l i t i cos sobre e l n i v e l d e aprendizaje d e l o s actores 
i n v o l u c r a d o s . 
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L o s agr icul tures s o n y d e b e n segu ir s i e n d o l o s i m p l e m e n t a d o r e s f ina le s de l p l a n disef iado. 
E l l o s t a m b i é n s o n l o s d isef ladores y d e b e n estar i n v o l u c r a d o s e n la e j e c u c i ô n d e las f a s e s 
importantes de l p r o c e s o d e d i se i ïo o m i n i m a m e n t e contribuir es tructura lmente c u a n d o l o s 
resul tados d e la i n v e s t i g a t i o n e x p e r i m e n t a l o l o s d i s e n o s d e s i s t e m a s t é c n i c o - e c o n ô m i c o s 
d e b e n ser in tegrados h a c i a n i v e l é s d e c o m p l e x i d a d m a s a l tos . S i n e m b a r g o , l o s agr icul tores n o 
s e encuentran s o l o s , e l l o s d e b e n enfrentar u n a d ivers idad d e ac tores s o c i a l e s re l evante s , c o n 
las c u a l e s d e b e n c o m u n i c a r s e y d i senar e n c o n j u n t o las s o l u c i o n e s . 
L a i n v e s t i g a c i ô n - disef lo interact iva , n o s ign i f i ca q u e t o d a s las a c t i v i d a d e s d e b e n ser 
e jecutadas c o n l o s agr icu l tores . E s t o n o e s r e s p o n s a b l e d e s d e â n g u l o s t é c n i c o s , s o c i a l e s y d e 
e f i c i enc ia , pero e s m u y importante q u e e l l o s c o n t r o l e n y g e s t i o n e n e l p r o c e s o d e aprendizaje 
total. L o s fac i l i tadores d e p r o c e s o p u e d e n uti l izar el ins trumento d e g e s t i o n desarro l lado para 
mejorar e n pr imer lugar, la c o m u n i c a c i ô n entre l o s ac tores i n v o l u c r a d o s , e n s e g u n d o lugar 
para mejorar la v i s i o n genera l durante el m a n e j o d e la i n n o v a t i o n agr i co la y e n tercer lugar, 
para eva luar c o m o c o n s u l t o r ex terno l o s p r o g r a m a s d e i n n o v a t i o n agr ico la . S e trata de u n 
ins trumento a p l i c a d o para la i n t e g r a t i o n d e d i s c ip l inas y para la o r g a n i z a t i o n d e actores y 
m e t o d o l o g i a e n l o s p r o c e s o s d e desarrol lo . 
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Summary 
O n a r e m o t e h i l l s i d e i n the A n d e s M o u n t a i n c h a i n i n the D e p a r t m e n t o f C o c h a b a m b a , B o l i v i a , 
the rural c o m m u n i t y o f Huancarani is s i tuated. T h e habitants are g e n e r a l l y r e s o u r c e - p o o r 
s m a l l farmers , w h o l i v e o n m i x e d arable and l i v e s t o c k f a n n i n g . D u r i n g the last d e c a d e s , the 
p o s s i b i l i t i e s to b u i l d u p a l i v i n g h a v e d e c r e a s e d . T h e c a u s e i s n o n - s u s t a i n a b l e land use . 
B e c a u s e o f direct a p p l i c a t i o n o f agricultural pract i ces , p r o m o t e d b y the agricultural e x t e n s i o n 
s e r v i c e s and projects , w h i c h w e r e c o p i e d f r o m the agricultural real i ty o f the ferti le v a l l e y s 
around C o c h a b a m b a , the a lready a larming qual i ty o f the so i l d e c r e a s e d i n a v e r y short t ime . 
T h e e v e r i n c r e m e n t i n g p r i c e s o f c h e m i c a l agricultural inputs w e r e n o t c o m p e n s a t e d for b y 
h igher i n c o m e f r o m p r o d u c t i o n . T h e farmer s a w h i m ( h e r ) s e l f " forced" t o address the natural 
re source b a s e . H e ( she ) h a d to cu l t ivate the land m o r e i n t e n s i v e l y , and to r e c l a i m forests and 
grass land. O n e o f the s trateg ies for surv iva l w a s emigra t ion . 
T h e s e agricultural prac t i ces h a v e had s e r i o u s e f fec t s o n the r e g i o n . T h e s o i l s are h e a v i l y 
eroded . There has b e e n talk o f format ion o f e v e r - d e e p e r c a n y o n s , resu l t ing in s i n k i n g and 
f lush ing a w a y agricultural land, e v e n a f fec t ing f a r m h o u s e s . T h e r e g i o n is c o m p l e t e l y 
m a r g i n a l i s e d . Y o u n g p e o p l e migrate to the c i t i e s or start c o c a p r o d u c t i o n i n the tropical 
l o w l a n d s . 
S o m e d e v e l o p m e n t projec t s o f state inst i tutes or N o n G o v e r n m e n t a l Organ i sa t ions ( N G O s ) 
w o r k e d o n a n s w e r s t o the c o m p l e x p r o b l e m s i tuat ion. A l t h o u g h the " s o l u t i o n s " brought in 
w e r e o f h i g h d ivers i ty , the p r o c e s s o f research and e x t e n s i o n o f s u c h p r o p o s a l s r e m a i n e d the 
s a m e . Farmers w e r e hardly i n v o l v e d in the d e v e l o p m e n t o f the s o l u t i o n , in contrast to their 
part ic ipat ion in the p r o m o t i o n o f t e c h n o l o g y p a c k a g e s and charity aid. 
After p r o f o u n d and part ic ipatory research o n the c a u s e s and c o n s e q u e n c e s o f the actual state 
o f f arming s o m e N G O s turned th ings u p s i d e d o w n . T h e y let the farmers t h e m s e l v e s s tudy and 
d e c i d e about w h a t m u s t b e d o n e . T h e q u e s t i o n w a s t h e n h o w farmers c o u l d earn a l i v i n g o n 
the b a s i s o f the actual qual i ty o f the natural r e sources . T w o o b j e c t i v e s w e r e formulated: 
- Agricul tural i n n o v a t i o n b y sus ta inable p r o d u c t i o n s y s t e m s and tak ing into a c c o u n t the 
actual qual i ty o f the natural r e sources . T h e d e s i g n s h o u l d l ead to the introduct ion o f crops 
by w h i c h e x h a u s t e d agricultural land c a n b e rehabi l i tated; 
- T h e organ i sa t ion and training o f farmers that s h o u l d lead to the i m p r o v e m e n t o f the 
farmers ' capac i ty to start and g u i d e the m a n a g e m e n t o f their o w n d e v e l o p m e n t p r o c e s s . 
Farmer c o m m u n i t i e s b e c a m e m o r e and m o r e enthus ias t i c about th i s c o n c e p t and b e c a m e part 
o f it, w i t h the h e l p o f the N G O w o r k i n g in their area or a u t o n o m o u s l y , in the Land 
Rehabi l i ta t ion P r o g r a m ( L R P : an inter- inst i tut ional c o o p e r a t i o n a m o n g N G O s , research 
s c h o o l s , farmers organ i sa t ions and a spec i f i c research project ) . T h e first farmers g r o u p s 
f in i shed w i t h the d e v e l o p m e n t o f the integrated produc t ion o f cac tus pear (pr ickly pear; 
Opuntia ficus-indica M i l l . ) and c o c h i n e a l {Dactylopius coccus Cos ta ; an insec t that p r o v i d e s 
raw materia l for a red d y e ) . T h i s " d e s i g n p a t h w a y " w a s taken u p b y other farmers' 
organi sa t ions . T h e W o r l d B a n k d e c i d e d to f inance a research project ( P I T C ) , w i t h the a i m to 
find t echn ica l a n d e c o n o m i c a n s w e r s to the p r o d u c t i o n o f cac tus pear and c o c h i n e a l . 
O n e o f the z o n e s w h e r e the LRP w o r k e d , the rural c o m m u n i t y o f Huancarani , w a s c h o s e n as 
the c a s e s tudy area. In c l o s e c o o p e r a t i o n w i t h farmers and their organ i sa t ions , a p lat form w a s 
created that w o u l d f u n c t i o n permanent ly as a c o o r d i n a t i o n centre for all ac t iv i t i e s related to 
rural d e v e l o p m e n t . T h e ac t iv i t i e s c o n s i s t e d , a m o n g others , of: fieldwork, p r o m o t i o n a l and 
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d e c i s i o n - m a k i n g ac t iv i t i e s a n d a l so a h is tor ica l r e v i e w , p r o b l e m a n a l y s i s and t h e d e s i g n o f 
a l ternat ive p r o d u c t i o n s y s t e m s . T h e ac t iv i t i e s w e r e s u b d i v i d e d into t w o p h a s e s o f learning: 
- farmers learn f r o m research and d e s i g n i n pract ice , carried out b y t h e m s e l v e s or b y others; 
- farmers l earn a b o u t the m e t h o d o l o g i c a l p r o c e s s e s that o c c u r dur ing the rea l i sa t ion o f the 
L R P . In that w a y farmers d e s i g n e d their o w n p a t h w a y s for l earn ing i n order to take the 
d e v e l o p m e n t o f the r e g i o n into their o w n h a n d s , b o t h a u t o n o m o u s l y and c o n s c i o u s l y . 
Farmers , s c i ent i s t s a n d faci l i tators o f l earn ing p r o c e s s e s o f t h e L R P agricultural i n n o v a t i o n 
rea l i sed that the w o r k i n g s c h e m e c o u l d b e taken u p for the m a n a g e m e n t o f n e w learning 
p r o c e s s e s for their farmers . That c o u l d b e c o n s i d e r e d the third learning p h a s e . 
Chapter 1 br ings t h e reader o n the l ine o f in teract ive l earning p r o c e s s e s for agricultural 
i n n o v a t i o n . It s h o w s the o b j e c t i v e and a m p l i t u d e o f the research . T h e l imi ta t ions and 
opportuni t i e s o f t h e L a n d R e h a b i l i t a t i o n P r o g r a m are p r e s e n t e d w i t h the h e l p o f an e x a m p l e 
about t h e c o m p l e x i t y o f t h e ac t iv i ty a g e n d a during the p r o b l e m ana lys i s . 
Chapter 2 p r o v i d e s a d e e p e r ana ly s i s o f the creat ion a n d rea l i sa t ion o f the L R P . First, the 
re la t ionsh ip b e t w e e n the l a c k o f g o o d agricultural l and a n d e m i g r a t i o n i s ana lysed . A c a s e 
s tudy area i s s e l e c t e d for further s tudy a m o n g the m a n y rural c o m m u n i t i e s . T h e c h o i c e for 
Huancarani a s c a s e s tudy area i s j u s t i f i e d b e c a u s e o f the e n v i r o n m e n t a l "qual i t i es" o f the area 
and the m o t i v a t i o n o f the farmers t o d e s i g n i n n o v a t i o n s i n b o t h the technical -agr icul tural 
i s s u e s a s w e l l a s i n t h e p r o c e s s o f in teract ive learning. 
Chapter 3 d e s c r i b e s t h e area i n t e r m s o f i ts b i o t i c and ab io t i c character is t ics . T h e h i s tory o f 
land u s e a n d land tenure i s a n a l y s e d w i t h the o b j e c t i v e t o e x p l a i n their n e g a t i v e i m p a c t s o n 
the qual i ty o f the so i l . T h e actual p r o d u c t i o n s y s t e m and e c o n o m i c p r o b l e m s are descr ibed in 
t e r m s o f natural r e s o u r c e s ( land) , capital a n d labour. G e n d e r s e n s i t i v e i s s u e s are p l a c e d in an 
agricultural i n n o v a t i o n p e r s p e c t i v e . F r o m the d e s c r i p t i o n o f the cultural c o n t e x t o f the L R P it 
i s e v i d e n t that the Huancaran i farmers w e r e a lready o r g a n i s e d in order t o care for their 
interests: Inca t y p e o r g a n i s a t i o n s , farmers u n i o n s , a n d a l s o c o m m i t t e e s and b o a r d s o f N G O 
act iv i t i e s . 
It a l s o b e c a m e c lear that farmers , i n c o m p a r i s o n t o s c i en t i s t s , h a v e a character is t ic v i s i o n o n 
the c o n c e p t " d e v e l o p m e n t " and f o l l o w contras t ing d e c i s i o n - m a k i n g procedures . 
Chapter 4 s h o w s h o w the w o r k i n g p r o c e s s w i t h t h e Huancaran i farmers w a s organ i sed . First, 
the c o m p l e x i t y o f the p r o b l e m s o f Huancaran i farmers i s d e t e r m i n e d . P r o p o s a l s are s u g g e s t e d 
to h a n d l e t h i s c o m p l e x i t y w i t h the h e l p o f m e t h o d o l o g i c a l c h o i c e s , p r o c e d u r e s and act iv i t i e s , 
g r o u p e d at four c o m p l e x i t y l e v e l s o f the p r o b l e m s i tuat ion. O n that b a s i s , a t h e o r y i s p r o p o s e d 
about the p a t h w a y s that c a n s o l v e the p r o b l e m s i n the r e g i o n . T h i s h a s e v e r y t h i n g t o d o w i t h 
the o b j e c t i v e o f p e r m a n e n t l earning b y farmers and w i t h farmers . F ina l ly , t h e theory i s spl i t 
u p into three l e v e l s o f farmer learning: learning in practice, learning from practice and 
learning for practice. In th i s w a y the w o r k i n g p r o c e s s for the rea l i sa t ion o f the LRP w a s 
e s tab l i shed . 
Chapter 5 d e s c r i b e s h o w ident i f i ca t ion o f the farmers ' p r o b l e m s t o o k p l a c e . T h e l o n g l is t o f 
p r o b l e m s w a s further a n a l y s e d i n three w a y s : 
- the n e g a t i v e t rends that e x i s t b e t w e e n the farm ( h o u s e h o l d ) , t h e marke t p l a c e and the 
natural r e s o u r c e s ; 
- the e c o l o g i c a l i m p a c t f o r m o n e a g r o e c o z o n e t o the o ther and; 
- the pr ior i t i sat ion o f the p r o b l e m s a c c o r d i n g t o the p e r s p e c t i v e o f susta inabi l i ty . 
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Clus ter ing e x p l a i n s the c o h e r e n c e o f p r o b l e m s and c o n f i r m s the n e e d t o w o r k o n the farmers 
a u t o n o m y dur ing d e v e l o p m e n t p r o c e s s e s . 
Chapter 6 d e s c r i b e s h o w the p la t form for d i s c u s s i o n a n d d e c i s i o n - m a k i n g started. F r o m the 
first p la t form d i s c u s s i o n s it w a s c lear w h a t the farmers ' o b j e c t i v e s w e r e . W i t h the h e l p o f a 
v i s i o n o f the future and the ana ly s i s o f the farmers ' p r o b l e m s ( s e e Chapter 5 ) , s tandards w e r e 
formulated for the s o l u t i o n o f their p r o b l e m s . T h e s e w e r e t h e n t rans formed into d e s i g n 
o b j e c t i v e s o n the three l earning l e v e l s d e f i n e d i n Chapter 4. Learning in pract ice addressed the 
d e s i g n o f sus ta inab le agricultural p r o d u c t i o n s y s t e m s w i t h e m p h a s i s o n the p r o d u c t i o n o f tuna 
and c o c h i n e a l . l e a r n i n g from pract ice f o c u s e d o n the i m p r o v e m e n t o f the farmers ' 
c o u n t e r v a i l i n g p o w e r i n order to take their path t o w a r d s d e v e l o p m e n t in to their o w n hands . 
T h i s o b j e c t i v e w a s opera t iona l i s ed b y the sys t émat i sa t ion , unders tand ing and i m p r o v e m e n t o f 
ac t iv i t i e s , p r o c e d u r e s a n d p r o c e s s e s . N e x t , a pattern o f app l i ed m e t h o d o l o g y w a s l o o k e d for, 
b y w h i c h n e w learning p r o c e s s e s c a n b e d e s i g n e d . T h i s w a s the p u r p o s e o f l earning for 
pract ice . 
Chapters 7 and 8 d i s c u s s the l earning p r o c e s s in pract ice . Af ter in troduc ing the cac tus pear 
crop and c o c h i n e a l p r o d u c t i o n , Chapter 7 d e s c r i b e s the p l a n and resul ts o f carried out 
e x p e r i m e n t a l research as part o f the L R P . Chapter 8 c o n t i n u e s o n th i s l ine and p l a c e s d e s i g n o f 
the integrated cac tus pear and c o c h i n e a l p r o d u c t i o n at the centre . Severa l s c e n a r i o s are 
d e v e l o p e d a n d the "final" d e s i g n (an o p t i m a l p r o d u c t i o n s y s t e m ) i s integrated in the actual 
p r o d u c t i o n s y s t e m o f the tropica l a g r o e c o z o n e o f Huancarani . 
A t th is s tage , Chapter 9 l e a v e s l earning i n pract ice and starts the a n a l y s i s o f h o w farmers ' 
l earning c a m e into b e i n g . In itself, creat ion o f the p la t form i s the first s trategy to learning. T h e 
p la t form d i d n o t j u s t s tand b y i t s e l f but w a s supported b y t w o interinst i tut ional organi sa t ions 
o f the L R P : o n e f o c u s e d o n research and p r o m o t i o n o f the p r o d u c t i o n s y s t e m , the other o n 
farmers organ i sa t ion and c o c h i n e a l export . 
It b e c a m e c l ear that learning after e x p e r i m e n t a l research and d e s i g n takes p l a c e a l o n g three 
p a t h w a y s : 
- integrat ion o f k n o w l e d g e f r o m l o w to h i g h c o m p l e x i t y l e v e l s ; 
- d e s i g n o f p la t forms for d i s c u s s i o n and d e c i s i o n - m a k i n g ; 
- p r o c e d u r e s for d e c i s i o n - m a k i n g in order to s e l e c t a scenar io that i s the m o s t sat is factory. 
T h e s tep b y s t ep integrat ion o c c u r s f r o m the results o f b a s i c research ( p r o d u c t i o n factors) into 
app l i ed research (agricultural m a n a g e m e n t t e c h n i q u e s ) , v i a d e s i g n o f hard ( e x a c t and 
m a t h e m a t i c s ) p r o d u c t i o n s y s t e m s t o , finally, b e part o f a s y s t e m o f the "soft" d e c i s i o n - m a k i n g 
type . A n e x a m p l e o f the resu l t s o f research in re lat ion to the qual i ty o f c o c h i n e a l s h o w s that 
integrat ion o f research resu l t s a s w e l l a s d e s i g n o f hard and e x a c t p r o d u c t i o n s y s t e m s w i l l 
a l w a y s b e f o l l o w e d b y d e c i s i o n - m a k i n g p r o c e s s e s o f the soft s y s t e m : the "diff icult to de f ine" 
type . Three t o o l s are central i n the support o f d e c i s i o n - m a k i n g : S W O T a n a l y s i s , c o m p a r i s o n o f 
w i t h - w i t h o u t c a s e s and the M u l t i Criteria A n a l y s i s in severa l p e r f o r m a n c e s . 
T h e m e t h o d o l o g i c a l resul ts ob ta ined during the rea l i sat ion o f research and d e v e l o p m e n t 
ac t iv i t i e s o f the L R P are put in order and are c lus tered in Chapter 10 . T h e s e parts are put 
toge ther as a p u z z l e . Af ter p r o b l e m ana lys i s , research, d e s i g n a n d k n o w l e d g e integrat ion a 
m e t h o d o l o g i c a l w h i t e spo t appears . There fore , the p r o p o s e d s o l u t i o n s cannot b e translated 
into the initial c o m p l e x i t y l e v e l o f the p r o b l e m s i tuat ion. In add i t i on to the p r o b l e m s i tuat ion 
there i s a n e e d for w h a t w e cal l goa l - se t t ing . E x c e p t for the hard s y s t e m d e s i g n there appears 
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to b e a n e e d for soft d e c i s i o n - m a k i n g s y s t e m s . T h i s c a n b e r e a c h e d b y the d e s i g n o f adequate 
structures and m o m e n t s w h e r e farmers c a n e x c h a n g e i d e a s , a s w e l l a s t h e i m p r o v e m e n t o f 
soc ia l c a p a c i t i e s i n g r o u p w o r k a n d the d e v e l o p m e n t o f p r o c e d u r e s that guarantee farmers 
part ic ipat ion and d e c i s i o n - m a k i n g p o w e r . T h e d e s i g n o f l earn ing p a t h w a y s for agricultural 
i n n o v a t i o n c a n b e r e s u m e d in: 
- t w o p o s s i b i l i t i e s i n a preparatory p h a s e : p r o b l e m ana lys i s and g o a l se t t ing; 
- four entr ies ( o n four c o m p l e x i t y l e v e l s ) for a m e t h o d o l o g i c a l cont inuat ion: b a s i c research, 
app l i ed research , hard s y s t e m d e s i g n and sof t s y s t e m d e s i g n ; 
- n e x t , resu l t s c o m e t o g e t h e r i n a k n o w l e d g e integrat ion p h a s e ; 
- and, finally, d e c i s i o n - m a k i n g i s o f f ered at the h i g h e s t c o m p l e x i t y l e v e l ( s e e F i g u r e 10 .7 ) . 
T h i s f r a m e w o r k i s k n o w n as the m a n a g e m e n t t o o l k i t for the d e s i g n o f in teract ive learning 
p r o c e s s e s . 
Chapter 11 e v a l u a t e s a l l m e t h o d o l o g i c a l p h a s e s and the m a n a g e m e n t too lk i t o n the f o l l o w i n g 
criteria: 
- sa t i s fac t ion o f farmers about the a p p l i e d m e t h o d o l o g y , in o ther w o r d s , the contr ibut ion o f a 
s p e c i f i c m e t h o d t o t h e s u c c e s s o f the LRP; 
- t h e o p i n i o n o f t h e farmers o n the l e v e l o f their part ic ipat ion i n the LRP; 
- t h e o p i n i o n o f t h e farmers a b o u t the qual i ty o f their part ic ipat ion: in teract ive s trategies . 
Genera l ly , s c o r e s w e r e suf f i c i ent (not g o o d or v e r y g o o d ) . T h i s m e a n t a l s o that the 
m e t h o d o l o g y c o u l d c l ear ly b e i m p r o v e d . T h e s a m e m e t h o d o l o g i c a l p h a s e s r e c e i v e d h i g h 
s c o r e s o n the three criteria: g o a l se t t ing , so f t s y s t e m d e s i g n a n d k n o w l e d g e integrat ion. 
P r o b l e m a n a l y s i s a n d b a s i c research r e c e i v e d l o w e r s c o r e s for the contr ibut ion t o t h e s u c c e s s 
o f the LRP, farmers part ic ipat ion and interact ive s trategies . S o m e p h a s e s w e r e m o r e interact ive 
than others , s o that the overa l l m e t h o d o l o g y c a n n o t b e e v a l u a t e d a s b e i n g interact ive . T h i s 
resul t m a y b e i m p r o v e d w h e n s p e c i f i c l earn ing p a t h w a y s o f farmers are eva lua ted . T h i s c a n 
o n l y b e v i s u a l i s e d w i t h t h e h e l p o f the d e v e l o p e d m a n a g e m e n t t o o l . 
T h e s u c c e s s o f the LRP m u s t b e a s s i g n e d t o d e s i g n at h i g h c o m p l e x i t y l e v e l s m o r e than to 
research at l o w e r c o m p l e x i t y . Farmers preferred the d e s i g n p a t h w a y o v e r the research 
p a t h w a y . Integrat ion o f k n o w l e d g e i s o f great i m p o r t a n c e to s y n t h e s i s e s o l u t i o n s into the 
c o m p l e x i t y l e v e l o f t h e init ial p r o b l e m . F ina l d e c i s i o n - m a k i n g t a k e s p l a c e at the soft s y s t e m 
l e v e l and i s h i g h l y v a l u e d b y the farmers . In all m e t h o d o l o g i c a l p h a s e s o n e c o u l d f ind g o o d 
interact ive s trateg ies . T h i s m e a n s that a p h a s e i s n o t non- in terac t ive be fore h a n d , but that, for 
e a c h s i tuat ion m u s t b e s tud ied , h o w interact ion c a n b e bui l t i n a c c o r d i n g t o the m o t i v a t i o n o f 
the farmers . Farmers i m p r o v e d their k n o w l e d g e b y m a k i n g m e t h o d o l o g i c a l c y c l e s i n the t o p 
o f t h e m a n a g e m e n t t o o l k i t for the d e s i g n o f in teract ive learning: g o a l se t t ing , soft s y s t e m 
d e s i g n and d e c i s i o n - m a k i n g p r o c e s s e s . T h e y part ic ipated w e l l w h e n t h e y c o n s i d e r e d the 
m e t h o d s and t e c h n i q u e s to b e m o r e important for the s u c c e s s o f the p r o c e s s o f agricultural 
i n n o v a t i o n . S c i e n t i s t s preferred the reduct ion i s t p a t h w a y o f p r o b l e m ana lys i s , e x p e r i m e n t a l 
research and k n o w l e d g e integrat ion. It i s n o t des i rab le t o force the farmers t o part ic ipate or 
interact a c t i v e l y i n al l m e t h o d o l o g i c a l p h a s e s o f farm i n n o v a t i o n . It i s better t o start from 
c o m p l e m e n t a r y contr ibut ions o f t h e sc i ent i f i c l earning p a t h w a y a n d the farmers ' pract ical 
l earn ing p a t h w a y . 
Chapter 12 a d d r e s s e s t h e n e w ro l e s for farmers , p r o c e s s faci l i tators a n d s c i e n c e w h e n 
interact ive l earn ing p r o c e s s e s are o f central c o n c e r n . Farmers m u s t b e trained to w o r k 
together , m a k e d e c i s i o n s a n d take re spons ib i l i t y for the d e v e l o p m e n t p a t h w a y that t h e y 
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s e l ec t ed . T h e ro le o f t h e p la t form faci l i tator i s f o c u s e d m o r e o n the care a n d s u p e r v i s i o n o f the 
learning p r o c e s s , than o n a contr ibut ion t o t echn ica l k n o w l e d g e . S c i e n c e m a y contr ibute to 
interact ive l earning p r o c e s s e s b y v i s u a l i s a t i o n o f the l earning and d e c i s i o n - m a k i n g p r o c e s s e s , 
b y the c o n s t r u c t i o n o f a sc i ent i f i c b a s i s for the integrat ion o f b e t a - g a m m a s tud ie s and b y the 
d e v e l o p m e n t o f analyt ica l m e t h o d s for t h e l e v e l o f l earning f r o m i n v o l v e d actors . 
Farmers are and m u s t r e m a i n the final i m p l e m e n t e r s o f the d e s i g n e d p l a n s . There fore t h e y are 
the u l t imate d e s i g n e r s and s h o u l d part ic ipate in the rea l i sat ion o f the m o s t important p h a s e s in 
the d e s i g n p r o c e s s or b e m i n i m a l l y i n v o l v e d w h e n resul ts o f e x p e r i m e n t a l research o f 
t e c h n i c a l - e c o n o m i c d e s i g n are integrated into h igher c o m p l e x i t y l e v e l s . 
Farmers are n o t o n their o w n . T h e y e x p e r i e n c e a d ivers i ty o f re l evant s takeho lders , w i t h 
w h o m t h e y h a v e to c o m m u n i c a t e and d e s i g n s o l u t i o n s together . Interact ive agricultural 
i n n o v a t i o n d o e s n o t m e a n that all ac t iv i t i e s m u s t b e carried out w i t h farmers . That i s no t 
p o s s i b l e f r o m b o t h t echn ica l , soc ia l and e f f i c i e n c y p o i n t s o f v i e w . It is important that farmers 
control and m a n a g e the overa l l l earning p r o c e s s . P r o c e s s faci l i tators c a n u s e the m a n a g e m e n t 
too lk i t in the first p l a c e for t h e i m p r o v e m e n t o f the c o m m u n i c a t i o n b e t w e e n s takeholders . In 
the s e c o n d p l a c e t h e y c a n u s e it to i n c r e m e n t their o w n o v e r v i e w dur ing the m a n a g e m e n t o f 
the agricultural i n n o v a t i o n p r o c e s s and in the third p l a c e to eva lua te agricultural i n n o v a t i o n 
p r o c e s s e s as an external consu l tant . 
T h e m a n a g e m e n t too lk i t is a use fu l ins trument to e n h a n c e the integrat ion o f d i s c i p l i n e s and to 
o r g a n i s e actors and m e t h o d o l o g y i n d e v e l o p m e n t p r o c e s s e s . 
Abbreviations and acronyms 
A G R U C O A g r o e c o l o g i c a l Inst i tute o f the State U n i v e r s i t y o f S a n S i m o n d e C o c h a b a m b a 
B E F B o l i v i a n E x p o r t F o u n d a t i o n ( E n g l i s h abbrev ia t ion) 
C A C a r m i n i c A c i d 
C A M C r a s s u l a c e a n A c i d e n e r g y M e t a b o l i s m 
C B A C o s t - B e n e f i t A n a l y s i s 
C P C r u d e P r o t e i n 
D H V D u t c h c o n s u l t a n t c o m p a n y 
D G I S D u t c h D e v e l o p m e n t C o o p e r a t i o n o f the M i n i s t r y o f F o r e i g n Af fa ir s 
E m E n e r g y r e q u i r e m e n t s for M a i n t e n a n c e o f w e i g h (by catt le) 
E T P Evapotransp ira t ion ( m m ) 
F A O U n i t e d N a t i o n s ' F o o d and Agr icu l ture O r g a n i s a t i o n 
F B E B o l i v i a n E x p o r t F o u n d a t i o n ( S p a n i s h abbrev ia t ion) 
F L O R A F a r m H o u s e h o l d L e v e l O p t i m a l R e s o u r c e A l l o c a t i o n 
F S R F a r m i n g S y s t e m R e s e a r c h 
I N E B o l i v i a n N a t i o n a l Inst i tute for Stat i s t ics ( S p a n i s h abbrev ia t ion) 
I R R Internal R a t e o f R e t u r n (%) 
L R P L a n d R e h a b i l i t a t i o n P r o g r a m 
M A C A B o l i v i a n M i n i s t r y o f Agr i cu l ture and smal l - farmers ( c a m p e s i n o ) affairs ( S p a -
n i s h abbrev ia t ion ) 
m.a . s . l . M e t e r s a b o v e s e a l e v e l 
M C A M u l t i Cri ter ia A n a l y s i s 
M G L P M u l t i p l e G o a l (Linear) P r o g r a m m i n g 
N G O N o n - G o v e r n m e n t a l O r g a n i s a t i o n (Pr ivate ins t i tutes for (rural) d e v e l o p m e n t ) 
N P K N i t r o g e n , P h o s p h o r u s and P o t a s s i u m ( l e v e l s ) 
P I T C C a c t u s p e a r a n d C o c h i n e a l R e s e a r c h Projec t ( S p a n i s h abbrev ia t ion) 
P R A Part ic ipatory Rural A p p r a i s a l 
P T D Part ic ipatory T e c h n o l o g y D e v e l o p m e n t 
R A A K S R a p i d A p p r a i s a l for Agr icu l tura l K n o w l e d g e S y s t e m s 
R R A R a p i d Rural A p p r a i s a l 
S W O T Strong , W e a k , Opportun i t i e s and Threats a n a l y s i s 
T D N Tota l D i g e s t i b l e N u t r i e n t s 
U M S S T h e S a n S i m o n State U n i v e r s i t y o f C o c h a b a m b a 
W A U W a g e n i n g e n Agr icu l tura l U n i v e r s i t y (or W U = W a g e n i n g e n U n i v e r s i t y ) 
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Glossary of technical-methodological concepts and 
Spanish terms 
A g g r e g a t i o n l e v e l 
o f a na ly s i s 
A g r o e c o s y s t e m 
approach 
A g r o e c o z o n e 
L e v e l s o f s p a c e (geograph ica l areas) or sec tor ( subjec t ) s u b - d i v i s i o n 
S c h o o l o f F a r m i n g S y s t e m R e s e a r c h b y e x a m i n a t i o n o f s y s t e m propert ies 
w h i c h are e n v i r o n m e n t a l l y b a s e d 
A r e a s w i t h a c o m b i n a t i o n o f c l i m a t e , s o i l s , f lora a n d f a u n a i n re la t ion to 
s p e c i f i c agricultural p r o d u c t i o n a n d l i v e s t o c k k e e p i n g . In the s p e c i f i c c a s e 
o f m o u n t a i n areas farming s y s t e m s are genera l ly c o m p o s e d o f m o r e than 
o n e a g r o e c o z o n e . 
A l p a c a Tradi t ional l i v e s t o c k s p e c i e s o f the Incas 
A n d e s area M o u n t a i n c h a i n t h r o u g h S o u t h A m e r i c a f r o m C o l o m b i a , E c u a d o r , Peru, 
B o l i v i a a n d C h i l e - A r g e n t i n a . 
A y n o k a s y s t e m Tradi t ional agricultural p r o d u c t i o n p l a n n i n g s y s t e m : d is tr ibut ion o f the land 
and p r o d u c t i o n p l a n i s e s t a b l i s h e d b y t h e farmers u n i o n e a c h year ( in the 
p u n a a g r o e c o z o n e ) 
A y o p a y a P r o v i n c e o f the D e p a r t m e n t C o c h a b a m b a , B o l i v i a . It i s a l s o the n a m e o f a 
r iver w h i c h p a s s e s the c o m m u n i t y o f Huancaran i at t h e l o w e s t a l t i tude. 
B l i s t ers (b lack) Bacter ia l c a c t u s pear d i s e a s e (Pseudomonas sp) 
Buf fer z o n e L a n d o f l o w qual i ty , fores t s and other fragi le e c o s y s t e m s w h i c h w e r e 
p r e s e r v e d for nature c o n s e r v a t i o n b y the Incas 
C a c t u s pear P r i c k l e y pear (Opunita flcus-indica M i l l . ) ; a l o n g - l i v e d perennia l p lant w i t h 
l e a f l e s s s u c c u l e n t s t e m e l e m e n t s that b e c o m e w o o d y (ova l - racke t f o r m o f 
the j o i n t s ) o f the g e n u s O p u n t i o i d e a e and s u b - g e n u s P la tyopunt ia 
C a m p e s i n o S m a l l ( s c a l e ) and r e s o u r c e - p o o r farmer o f the A n d e s r e g i o n 
C a r m i n i c a c i d C h e m i c a l s u b s t a n c e o f the interior ' b l o o d l i k e ' l iqu id o f the f e m a l e 
c o c h i n e a l i n s e c t s ( larval s t a g e ) w i t h a w i d e range o f beaut i fu l red c o l o u r s 
Charque Sa l t ed and s u n dried m e a t 
Chuflo Frost dr ied p o t a t o e s 
C l a d o d e Joint: s h o o t s e g m e n t o f the c a c t u s pear p lant that ar i ses abruptly f r o m an o l d 
s t e m areo la a n d i s c l ear ly d e m a r c a t e d b y a n a r r o w b a s e 
C o c h i n e a l T h e real c a r m i n i c a c i d p r o d u c i n g s c a l e i n s e c t (Dactylopius coccus C o s t a ) 
C o m u n i d a d Rural c o m m u n i t y , g o v e r n e d b y a loca l smal l - farmers u n i o n and w i t h a 
d i s p e r s e d (p lo t ted) pattern o f farm h o u s e s i n the c a s e o f the C o c h a b a m b a 
v a l l e y s 
C o s m o v i s i o n A s s u m p t i o n u n d e r l y i n g interpretat ion o f real i ty 
Cons truct iv i s t 
o n t o l o g y R e a l i t y i s s o c i a l l y cons truc ted 
Crawler First instar migratory i n s e c t 
D e s i g n i n g (verb) T h e p r o c e s s o f creat ing a des ired future s i tuat ion, w h i c h i n v o l v e s art 
(creat iv i ty o f a s s e m b l i n g c o m p o n e n t s and re la t ions b e t w e e n t h e m as w e l l as 
the art o f d e c i s i o n - m a k i n g t o w a r d s the o b j e c t i v e s formula ted) 
D e s i g n ( n o u n ) A s s e m b l y o f a s y s t e m b y c o n c e p t s , mater ia l s , t e c h n i q u e s and s trategies . It i s 
the l a y o u t o f a wr i t ten or d r a w n p l a n 
E p i s t e m o l o g y T h e l i n k a g e b e t w e e n the observer and the o b s e r v e d 
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E x p e r i m e n t a l 
research 
Faci l i tator 
Gra in 
a g r o e c o z o n e 
H a c i e n d a 
Hard s y s t e m s 
H o l i s m 
Huancarani 
Inca 
I n d e p e n d e n c i a 
Infes tat ion 
Interact ive 
s c i e n c e 
K e r m e s 
L l a m a 
L o g i c - i n - u s e 
M i c r o c l i m a t e 
N o p a l 
N o p a l i t o 
O c a 
O n t o l o g y 
O v i p o s i t i o n 
P a r a d i g m 
R e s e a r c h c o n s i s t i n g o f exp loratory , de terminat ive and ver i f i ca t ion t y p e s ; i s 
b a s e d o n factor r e s p o n s e s o f d e t e r m i n e d var iab les w h i c h m a y i n f l u e n c e the 
p r o b l e m s i tuat ion a n d m a y l e a d t o a so lu t ion . 
A p e r s o n w h o g u i d e s a g r o u p o f p e r s o n s w i t h t h e o b j e c t i v e o f ( farm) 
d e v e l o p m e n t . H e / s h e p r o v i d e s in format ion , m a n a g e s data b a s e s , i s an 
ana lys t s , carries o u t e x p e r i m e n t s a n d prepares d e v e l o p m e n t s cenar io s . W i t h 
t h e s e ac t iv i t i e s h e / s h e h e l p s d e c i s i o n - m a k i n g p r o c e d u r e s a n d part ic ipates i n 
o p e n d i s c u s s i o n s , but d o e s n o t j o i n the g r o u p as d e c i s i o n - m a k e r 
h im/herse l f . 
Centre p r o d u c t i o n z o n e o f the Huancaran i c o m m u n i t y b e t w e e n 2 6 0 0 and 
3 0 0 0 m.a . s . l . 
L a n d tenure s y s t e m b y w h i c h t h e l a r g e - l a n d o w n e r h a s m o n o p o l y o n land. 
S m a l l - s c a l e farmers carry out the w o r k and r e c e i v e a s m a l l p l o t o f land for 
f a m i l y f o o d p r o d u c t i o n a s c o m p e n s a t i o n 
S y s t e m s character i sed b y e a s y - t o - d e f i n e o b j e c t i v e s , c l ear ly d e f i n e d 
d e c i s i o n - m a k i n g p r o c e d u r e s a n d exac t -quant i ta t ive m e a s u r e s o f causa l 
re la t ions and p e r f o r m a n c e 
S y n t h e s i s ( integrat ion) p a t h w a y for s o l u t i o n s f r o m l o w t o h i g h c o m p l e x i t y 
l e v e l s o f the p r o b l e m s i tuat ion i n w h i c h the w h o l e p u t s t h e parts in to 
p e r s p e c t i v e 
Rura l c o m m u n i t y ( c a s e s tudy area) i n the A y o p a y a p r o v i n c e o f the 
C o c h a b a m b a D e p a r t m e n t 
L a r g e E m p i r e o f Ind ian K i n g s i n the A n d e s M o u n t a i n c h a i n f r o m E c u a d o r 
t o t h e N o r t h o f C h i l e 
Capi ta l o f the p r o v i n c e A y o p a y a , B o l i v i a 
In troduct ion o f the c o c h i n e a l i n s e c t o n the h o s t p lant 
A j o i n t e x e r c i s e that l o o k s for t h e o p t i m u m o f f ered b y i n d i g e n o u s and 
sc i en t i f i c k n o w l e d g e , a p p l i c a b l e s o l u t i o n s a n d s i m u l t a n e o u s u s e o f different 
r e s e a r c h m e t h o d s a n d p r o c e d u r e s for d e c i s i o n - m a k i n g 
Insec t w h i c h i s bred o n the K e r m e s o a k a l o n g t h e s h o r e s o f the M e -
di terranean a n d part o f t h e N e a r E a s t for red d y e s tuffs 
Tradi t iona l l i v e s t o c k s p e c i e s i n the A n d e s 
T h e c h r o n o l o g i c a l presenta t ion o f the re search a g e n d a w h i c h w a s carried 
o u t ( i n t h e L a n d R e h a b i l i t a t i o n P r o g r a m ) a c c o r d i n g t o the s tep b y s t ep 
l earn ing a n d d e c i s i o n - m a k i n g p r o c e s s 
S p e c i f i c c l i m a t i c c o n d i t i o n s for a s m a l l g e o g r a p h i c a l area, w h i c h s h o w s 
c o m p a r a t i v e a d v a n t a g e s for s p e c i f i c agricultural p r o d u c t i o n 
T u n a , c a c t u s pear , pr ick ly pear ( M e x i c a n s y n o n y m ) 
Y o u n g sprouts ( v e g e t a b l e ) o f c a c t u s pear c l a d o d e 
S w e e t r o o t c rop for h u m a n c o n s u m p t i o n 
H o w t h e nature o f real i ty i s c o n t e m p l a t e d 
E g g r e l e a s i n g s t a g e o f mature f e m a l e i n s e c t s 
A f r a m e w o r k o f t h o u g h t a n d pract ice w i t h a g e n e r a l w a y o f s e e i n g the 
w o r l d shared b y m e m b e r s o f a ( sc ient i f i c ) c o m m u n i t y , w h i c h p r o v i d e s 
m o d e l s a n d a c c e p t a b l e w a y s i n w h i c h p r o b l e m s c a n b e s o l v e d 
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P e r m a n e n t Agr icu l ture: a d e s i g n i n g a p p r o a c h for the a s s e m b l a g e o f 
in tegrated p r o d u c t i o n s y s t e m s that bene f i t l i f e i n al l f o r m s b y funct ional i ty 
and s e l f r e g u l a t i o n o f s y s t e m s 
R e a l i t y i s o n l y w h a t i s k n o w n b y our s e n s e s a n d our ratio 
F o r m u l a t i o n o f c h a n g e s o n e x i s t i n g c o m p o n e n t s a n d re la t ions o f a s y s t e m 
b y w h i c h s y s t e m output i s i m p r o v e d i n re la t ion t o m o s t l y product iv i ty and 
e c o n o m i c e f f i c i e n c y o b j e c t i v e s : incrementa l i s t i c p o l i c y formulat ion . 
Res trac tur ing , a d d i n g or taking a w a y c o m p o n e n t s or func t ions to the s y s t e m 
structure b y w h i c h the s y s t e m output i s m o d i f i e d a c c o r d i n g to a des i red 
s i tuat ion ( o f the future farm): s y n o p t i c p o l i c y f o r m u l a t i o n . 
H i g h e s t p r o d u c t i o n z o n e o f the c o m m u n i t y o f Huancaran i b e t w e e n 3 0 0 0 
a n d 3 7 0 0 m.a . s . l . 
T h e l a n g u a g e s p o k e n b y the Incas a n d w h i c h i s st i l l s p o k e n b y the rural 
p e o p l e a s their m o t h e r t o n g u e 
H i g h - p r o t e i n m i l l e t for h u m a n c o n s u m p t i o n 
R e s e a r c h p a r a d i g m c o n c e r n i n g ana ly s i s o f c o m p o n e n t s o f a s y s t e m i n 
w h i c h the parts e x p l a i n the w h o l e 
Part ic ipatory a c t i o n research approach for R a p i d Rural K n o w l e d g e 
S y s t e m s : s trategic d i a g n o s i s in order to a c h i e v e agricultural i n n o v a t i o n 
A r r a n g e m e n t o f ( c lus tered) research a n d d e v e l o p m e n t ac t iv i t i e s and 
m e t h o d o l o g i e s 
R e l i g i o u s ac ts (o f fer ing u p f o o d and drinks) e s p e c i a l l y to " M o t h e r Earth" 
dur ing s o w i n g and harves t ing time, pray ing for ferti l ity, care and harves t 
F u n g u s c a u s i n g c a c t u s pear d i s e a s e (Phyllosticta opuntiae) 
A wri t ten or d r a w n p l a n (a m o d e l o f a d e s i r e d s i tuat ion) , created 
in tent iona l ly ( b a s e d o n s p e c i f i c o b j e c t i v e s ) , a n d w h i c h i s m o s t l y o f fered t o 
a d e c i s i o n - m a k i n g p la t form for c o n s i d e r a t i o n ( s e e d e s i g n ) . A scenar io d o e s 
n o t pred ic t t h e future, but a l l o w s p e o p l e t o e x p l o r e t e c h n i c a l o p t i o n s b a s e d 
o n e x p l i c i t a s s u m p t i o n s g i v e n b y a se t o f g o a l s . 
I n v e s t m e n t i n agricultural p r o d u c t i o n f r o m o u t s i d e the e c o n o m i c a l ( fami ly ) 
uni t o f p r o d u c t i o n , w h i c h i s pa id b a c k w i t h a share o f t h e harves t 
S y s t e m s character ised b y d i f f i cu l t - to -de f ine o b j e c t i v e s , con f l i c t s o f interest 
b e t w e e n s takeho lders , unpred ic tab le h u m a n b e h a v i o u r and uncerta in 
d e c i s i o n - m a k i n g . 
T h e w h o l e o f m u t u a l l y c o n s i s t e n t i d e a s b y w h i c h farmers p l a n their farms 
L o w e s t p r o d u c t i o n z o n e o f the Huancarani c o m m u n i t y b e t w e e n 2 0 0 0 and 
2 6 0 0 m.a . s . l . 
D a t a c o l l e c t i o n procedure 
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W e i g h t ( s e t ) 
D e v e l o p m e n t i s sus ta inable i f the present g e n e r a t i o n c a n m e e t i ts n e e d s 
( w e l f a r e o b j e c t i v e s ) w i t h o u t c o m p r o m i s i n g the abi l i ty o f future generat ions 
t o m e e t their o w n n e e d s ( W C E D 1 9 8 7 ) 
A n arrangement o f c o m p o n e n t s ( s u b s y s t e m s ) w h i c h p r o c e s s inputs in to 
outputs : w i t h i n a spec i f i c c o n t e x t , w i t h w e l l d e f i n e d boundar ie s , 
c o m p o n e n t s , re lat ions b e t w e e n c o m p o n e n t s , inputs , p e r f o r m a n c e (des ired 
output ) a n d b y - p r o d u c t s ( inc identa l output) 
L u p i n e s e e d s o f h i g h pro te in qual i ty for h u m a n c o n s u m p t i o n 
C a c t u s pear , pr ick ly p e a r 
S i m u l t a n e o u s ( integrated) u s e o f a g r o e c o z o n e s for d ivers i f i ed and 
c o m p l e m e n t a r y agricultural and non-agricul tural p r o d u c t i o n 
R e p r e s e n t a t i o n o f the re la t ive priority b e t w e e n (sub)cri ter ia , the s c o p e for 
trade o f f or subs t i tu t ion i .e . the w i l l i n g n e s s to g i v e u p o n e uni t o f a 
part icular factor to obta in m o r e o f another factor ( V a n P e l t 1 9 9 3 ) . 
